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Properties common to both urine and the ground 
substance of tissues were the subject of this exhibit. 
These common properties provide the basis for an 
understanding of a possible mechanism of action for 
hyaluronidase* in the management of renal lithiasis. 


What Is Ground Substance ? 

The ground substance is the mucoid cement 
material present between the cells and fibrils of 
the mesenchyme... The ground substance is 
practically everywhere in the body in the same 
way as mortar Is present between the bricks of a 
house. The ground substance is both a barrier 
protecting cells from dangerous outside agencies 
and a conductor making available to cells the 
metabolites indispensable for cell life and remoy- 
ing waste products.” 


Significance of the Resemblance of Some of the 
Properties of Urine to Those of Ground Substance 

The mucopolysaccharide hyaluronic acid 1s 
a characteristic component of ground substance 
and is largely responsible for [its] state of vis- 
cosity... Asa result of our studies on ground 
substance, we have come to look upon ground 
substance, not as an inert barrier, but as a dy- 
namic material which participates in the spread- 


ing and transportof materials between cells. This 
spreading and transport activity is always en- 
hanced by hyaluronidase and almostalways inhib- 
ited or delayed by stress, ACTH and cortisone. 


“Hyaluronic acid seems to play the same role 
in urine as it does in intracellular spaces in 
making possible the transport of metabolites and 
inorganic ions for elimination. Without the ‘pro- 
tective colloid’ and dispersing action of hyaluronic 
acid, precipitation and crystallization occur. 

“The most critical role played by hyaluronic 
acid is probably in the tubules where a tremend- 
ous concentration of urine is occurring and 
where precipitation in the absence of ‘protective 
colloid? should oceur in accordance with von 
Weimarn’s law. 

“The subcutaneous administration of an ade- 
quate dose of hyaluronidase results in an increase 
of ‘protective colloids’ in the urine. This is 
associated with an increase in total reducing 


substances and in glucuronic acid...” 


On the other hand, stress or the administra- 
tion of cortisone or ACTH results in crystalluria 
that is indicative of suppression of ‘protective 


colloid’ action...” 


Summary of Results Following Administration of Hyaluronidase for Renal Lithiasis 
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Stone Formation Stone Formation 
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*The only hyaluronidase used in the study reported in this exhibit was the Wyeth brand, 
WypasrE®, 
tNo associated infection or mechanical obstruction. All other stones are considered 
secondary. 
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Apparatus at the University Hospital 
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The dependability, accuracy and simplicity 
of The Perkin-Elmer Tiselius Electrophoresis 
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Leading manufacturers of Infrared Spectrometers, Continuous Infrared Analyzer, 
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500 Kahn tubes, 32 Petridish components, 
11 Erlenmeyer flasks, 8 beakers, and 366 
serological pipettes was delivered 
sparkling clean by the Fisher Laboratory 
Glassware Washer one hour after the soiled 
glassware was placed in the washer cabinet. 

Not a piece of glassware was broken... 
and the operator was free for much of the 
hour to handle other duties. 

This case is typical of the way the Fisher 
Washer meets every glassware cleaning 
need for your industrial, research, hospital, 
or clinical laboratory. 

Special baskets are available to hold all 
types of laboratory glassware. You simply 
fill the proper baskets with the items to be 
stove .. attach to revolving drum inside 
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washer on. 
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ANTIBODY 


RESPONSE TO NON-STREPTOCOCCAL ANTIGENS 


\S RELATED TO RHEUMATIC FEVER SUSCEPTIBILITY ! 


By JOSEPH M 


(From the 


(Submitted for publication March 2, 1953; 


It is now well established that practically all 
initial attacks and subsequent recurrences of rheu- 
matic fever are precipitated by antecedent Group A 
hemolytic streptococcal infection, evidence to 
support this concept has been based on the close 
epidemiologic and bacteriologic association of acute 
rheumatic fever and streptococcal infection (1-9) 
as well as on the striking similarity of the anti- 
body responses in both of these conditions (10). 
Despite this dependence of the rheumatic state 
upon prior hemolytic streptococcal infection, only 
a small portion of those exposed to this group 
of organisms actually develop rheumatic fever. 
Such disparity in the disease incidence indicates 
the importance of the host factor and suggests 
that 


terminants of pathogenesis of rheumatic fever. 


susceptibility variables are important de 

The purpose of this report is to explore the pos 
sibility that there exists in subjects with rheumatic 
fever a peculiarity of immune response which pre 
Others 
shown that hemolytic streptococcal respiratory in 


disposes to the rheumatic state. have 
fection complicated by rheumatic fever is associ 
ated with higher mean antistreptococcal antibody 
titers than is the uncomplicated illness (11, 12), 
and the conclusion from such data has peen that 


an immunologic hyperreactivity in such susceptible 


individuals may be fundamental for the develop 
ment of rheumatic fever. Our studies have aimed 
to determine whether such supposed immunologic 
hyperreactivity of rheumatic subjects is confined 
to the streptococcus alone or whether one may also 
detect a more general augmentation of antibody 
response to non-streptococcal antigens as well. 
Preliminary results of such studies have been 

' Supported by a grant from the Helen Hay Whitney 
Foundation . 

? Research Fellow, New England Chapter, Arthritis 
and Kheumatism Foundation, 1950-51 

* Post-doctorate States 
Service, 1950 


Fellow, United Public Health 
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FHlouse of the Good Samaritan and the Research 
Children’s Medical Cente) 


AND BENEDICT F. MASSELI 


Division of Infectious Diseases, 
Bost mn, Vass ) 


accepted April 7, 1953) 


presented elsewhere (13). The present report is 
an extension of these earlier data. 


MATERIALS AND METHOD 


Influensa immunization: In preliminary experiments, 


(Lederle) was used as a non 
streptococcal test Nine 


tients hospitalized at the House of the Good Samaritan 


influenza virus vaccine 


antigen rheumatic fever pa 


were selected for immunization, and eighteen children 
conditions at 
All of 
convalescent 
heart 


and control 


hospitalized for miscellaneous orthopedi 
the Children’s Medical Center served as controls 
the rheumatic fever subjects were in the 


! 


stage of the disease and all had either an organic 


murmur or definite chorea. The rheumatic 


subjects were of comparable ages. [ach child was given 
a single intradermal injection of 0.1 ce. of a 1: 2.5 dilu 
tion of influenza virus vaccine containing influenza A PR8& 
and influenza B Lee strains. Blood specimens were ob 
tained on all subjects immediately prior to the immuniz 
thereafter The 


antigens was determined by 


ing injection and at periodic intervals 


antibody response to these 
both the 


fixation techniques 


hemagglutinin-inhibition and the complement 


Maximum antibody levels, reached 
within four weeks after immunization, provided the basis 
two groups sted 


for comparison of the response in the 


Antihemagglutinins determined by — the 
method (14) 


ment fixing antibodies 


were pattern 


using chicken erythrocytes, and comple 


were determined by the method of 


Ienders and Levens (15) The antigen suspensions for 


use in these tests were prepared in the allantoic sacs of 


B inocula 
at 35°¢ 


ten day old chick embryos from PRS& and Lee 
After two days 


the viruses were harvested and stored in the 


supplied by Dt J I: Eenders 
frozen state 
until needed 

Typhoid tmmunisation: In a second series of experi 


ments, fourteen children with rheumatic heart disease, 


hospitalized at the House of the Good Samaritan, were 


given a single O.1 cc. intradermal dose of monovalent 


typhoid vaccine containing 100 million heat-killed organ 
ten children of comparable age with 


the New Eng 


isms. As controls, 


Legg-Perthes disease, hospitalized at land 


Peabody Home for Crippled Children, were similarly im 


munized These children showed no evidence of rheu 


matic fever either by history or by physical examination 
Other 
there 


sedimentation rate, nor 


than mild local discomfort at the site of injection 


were no temperature elevation no elevations 


other untoward reactiot 


the subjects In addition to a control blood 
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taken on each subject prior to the immunizing injection, 
serial blood samples were drawn at weekly intervals over 
the next four weeks and at bi-weekly intervals for four 
additional weeks. Agglutinin titers were measured against 
both the H and O antigens. Antigen material used in the 
tests was prepared from strains of typhoid organisms 
obtained from the Department of Bacteriology of the 
Medical School. A 


technique was used for antibody assay (16) 


Harvard standard serial dilution 


RESULTS 


of the 
subjects in both the rheumatic fever and control 


influenza immunization: Since many 
groups showed moderately high antibody levels 
prior to immunization, the antibody response at- 
tained after immunization has been plotted in terms 
of the fold increase produced by immunization 
(Figure 1). The scatter diagram in Figure 1 in- 
dicates that there was no significant difference in 
grouping of the antibody responses achieved by 


rheumatic and control subjects. Both groups of 
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Fic. 2. 


subjects showed a wide variation of response to 
influenza virus vaccine as reflected by the anti- 
bodies measured. ‘Titers varied from no change 
following immunization to instances of a 256-fold 
increase, 

A presentation of antibody data in terms of 
fold increase omits consideration of the effect of 
the pre-immunization titer on the final level at- 
tained. In general, the higher the initial titer, 
the less the fold increase following immunization. 
In Table I, therefore, there are presented compos- 
ite pre- and post-immunization data from the same 
patients in terms of geometric mean antibody levels 
along with the titer fold increases as determined 
from these data. This table indicates that, despite 
the low mean pre-immunization titers of the rheu- 
matic subjects, their antibody rise was, in gen- 
eral, less than that of the controls. 

Typhoid immunization: Results of individual 
antibody levels following typhoid immunization 
have been plotted in the scatter diagrams of Fig- 


ures 2and 3. In the case of the anti-H agglutir ‘i, 


TABLE I 


Geometric mean antibody titers against influenza PR8 and Lee B 


Anti hemagglutinins C.F 
against PR8 


Fold 


rise 


8.0 
6.6 


Before 


4 
m 


After 


138 
237 


wa 


Betore 


17.3 
35.9 


R heu ma tics 
Controls 


antibodies 
against PR& 
After 
32.0 
52.8 


Anti-hemagglutinins C. F. antibodies 
against Lee against Lee B 


Fold 
rise 


5.9 
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Fold 

rise Before 
4.3 7.4 
ef 8.3 


Fold 


rise After 


20.2 
33.3 


After Before 


74.7 10. 
155.2 18. 
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peak levels of response were reached after two 
weeks in both the rheumatic subjects and in the 
controls, As in the influenza studies, there is 
much overlapping in Figure 2 between the two 
groups with no clear cut difference in antibody 
response shown by the rheumatic fever patients. 
Similarly with the anti-O agglutinin (Figure 3) 
there was extensive overlapping of individual sub- 
jects of both groups. While the general height of 
antibody level attained for the O-agglutinin was 
moderately lower than the H-agglutinin for both 
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groups, no distinct difference between the groups 
was discernible from the scatter diagram represen- 
tation of the data. 

The individual results were then tabulated by 
geometric means for each week after immuniza- 
tion, and these means are indicated in Figures 4 
and 5. In Figure 4, the H-agglutinin level of the 
rheumatic group of subjects over the course of 
eight weeks now appears higher than that of the 
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control subjects. Likewise, the geometric mean 
of all the observations without regard for time in- 
terval after immunization is higher for the rheu- 
matic fever patients. In Figure 5, the geometric 
means of the O-aggluiinin titers for the rheumatic 
subjects were also somewhat higher than for the 
control subjects. These overall mean differences 
were found to be statistically significant.‘ 


DISCUSSION 


The results of these immunization studies do 
not confirm the hypothesis that rheumatic fever 
subjects show a general hyperreactivity of immune 
response, at least as judged by their response to the 
non-streptococcal antigenic stimuli of influenza 
virus and typhoid vaccine. In the instance of in- 
fluenza virus immunization, initially elevated anti- 
body levels prior to immunization may have ob- 
scured true differences of response from a uniform 
baseline, and for this reason typhoid immuniza- 
tion was considered to be a more valid method of 
studying these young subjects in the unsensitized 
state. None of the particular children immunized 
gave a history of previous typhoid infection or 
typhoid immunization, and baseline agglutinin 
levels confirmed the absence of typhoid antibodies. 
Although statistically significant, the observed dif- 
ference between the mean titers is rather small and 


clinical conclusions of general hyperreactivity of 


rheumatic subjects appear hazardous. Also, the 
relatively small number of cases studied may hold 
for these particular individuals and not for rheu- 
matic subjects in general. 

A recent report by Creger, Choy, and Rantz 
(17) in which similar immunization studies, us- 
ing mismatched blood, resulted in more striking 
increases of antibody response by rheumatic sub- 
jects warrants comment. Of the three rheumatic 
subjects hyperreactivity of re- 
sponse to heterologous blood cells, the one subject 
showing the greatest rise in isoagglutinins had 
received a previous injection of mismatched blood 
and hence the response may have been, in part 
at least, the manifestation of a “booster phenome- 
Further, the use of mismatched blood in 
persons who already demonstrate isoagglutinins 


demonstrating 


non.” 


# Statistical analyses of these experiments were per- 
formed by Dr. William E. Reynolds, Assistant Professor 
of Preventive Medicine, Harvard Medical School. 
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to heterologous blood substances prior to challenge 
suggests that the criterion of an unsensitized state 
does not truly exist. Thus, even the first dose of 
group B cells given to a group A individual repre- 
sents a “booster challenge” to the production of 
isoagglutinins. 

On the other hand, the use of such antigenic 
hoosters in previously sensitized persons may be 
the more appropriate means of detecting immuno- 
logic hyperreactions especially as related to hyper- 
sensitivity theories of rheumatic fever pathogene- 
sis. If, as many have postulated, rheumatic fever 
develops in susceptible individuals only after re- 
peated exposure to the hemolytic streptococcus, 
the experimental results of Creger, Choy, and 
Rantz are corroborating evidence. The work of 
Murphy and Swift (18) in animals is also in ac- 
cord with such reasoning. It could follow that re- 
immunization of our subjects with repeated doses 
of typhoid vaccine might then result in more strik- 
ing differences of antibody response and that such 
booster stimuli by the same antigen might ulti- 
mately demonstrate a more significant augmenta- 
tion of immune response in rheumatic fever sub- 
jects. In the absence of such data and on the basis 
of our results with influenza and typhoid vaccines, 
however, it seems unwarranted to attribute any 
striking hyperreactivity of response to these anti- 
gens in the rheumatic subjects tested. 

Such discrepancies of antibody response in some- 
what comparable studies emphasize the lack of a 
uniform pattern of host hyperreactivity in rheu- 
matic fever. Increased numbers of observations 
using varied measurements of immunologic in- 
dices, will be necessary before it is possible to de- 
fine the role of immune responsiveness in rheu- 
matic fever susceptibility. 


SUMMARY 


1. Twenty-three children in the convalescent 
stage of rheumatic fever were immunized with 
either polyvalent influenza virus vaccine or with 
monovalent typhoid vaccine. Twenty-eight non- 
rheumatic children of comparable age were simi- 
larly immunized and served as controls. 

2. Results of influenza immunization, using 
complement fixing and hemagglutination inhibit- 
ing antibodies as indices of response, showed a wide 
variation in titer with no essential difference be- 
tween the two groups. 
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3. Whereas the geometric mean antibody to 
typhoid vaccine was slightly higher in rheumatic 
fever patients, there was extensive overlapping 
and scattering of individual responses in both 
groups over the eight week period of study. 

4. On the basis of these observations using both 
a viral and bacterial antigen, it seems unwarranted 
to attribute to these rheumatic individuals any 
general hyperreactivity of immune response as an 
explanation for the development of the rheumatic 
state. 
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Alterations of the cerebral circulation were for 
a long time presumed to reflect principally changes 
in the systemic circulation. Recently, a high de- 
gree of control of the cerebral blood flow has been 
demonstrated to be the result of intrinsic mecha- 
An important means of such intrinsic 
control results from the effects of changes in ar- 
terial partial pressure of carbon dioxide upon the 
cerebral vessels, An increased arterial partial 
pressure of carbon dioxide, such as is produced by 
the inhalation of 5 per cent carbon dioxide, results 
in a marked and selective cerebral vasodilatation 
in normal young individuals with a consequent in- 
crease in the cerebral blood flow (1). It appeared 
that the effect of the inhalation of carbon dioxide 
might provide a convenient tool for the study of 
the degree of vascular tone in cerebrovascular dis- 
ease states. The present investigation was initiated 
with the purpose of using this method to gain in- 
sight into the relative contributions of vascular 
spasm and arteriosclerosis towards the production 
of an increased cerebrovascular resistance. 


nisms. 


METHODS 


The cerebral blood flow (CBF) was measured by the 
nitrous oxide technique (2). All patients were in the 
postabsorptive state and the recumbent position. Fol- 
lowing the completion of a control flow, an interval of 
15 minutes was allowed to elapse. The patient was then 
primed for five minutes with a gas mixture of the fol- 
lowing composition: 5 per cent CO,, 21 per cent O,, 74 
per cent N,. The mask was then rapidly switched to al- 
low the patient to inhale a similar gas mixture, containing 
15 per cent N,O and 59 per cent N, in addition to 5 per 
cent CO, and 21 per cent O,. In this manner the experi- 
mental flow was determined over a ten minute period. 


1 Supported by a grant from the National Institutes of 
Health. 

2 National Heart Institute Postdoctorate Research Fel- 
low, 1952-1953. 


The jugular venous pressure (J VP) was measured with 
a spinal fluid manometer using the level at which the 
vessel was entered as the “O” reference point. In the 
supine position, this is approximately at the level of the 
right atrium. The mean arterial blood pressure (MABP) 
was measured in a femoral artery using a damped mer- 
cury manometer. The oxygen and carbon dioxide con- 
tents of the blood samples were determined by the method 
of van Slyke and Neill (3). Blood pH was determined 
anaerobically at room temperature with a glass electrode 
and corrected to body temperature using the formula of 
Rosenthal (4). The pCO, was determined from stand- 
ard nomograms (3). 


MATERIAL 


The subjects of this study have been divided into four 
groups according to criteria previously described (5): 1) 
Young normotensive individuals without evidence of ar- 
teriosclerosis with a mean age of 30; 2) elderly, arterio- 
sclerotic but normotensive individuals with a mean age 
of 64; 3) hypertensive individuals without evidence of 
arteriosclerosis with a mean age of 51; and, 4) hyper- 
tensive and arteriosclerotic individuals whose mean age 
was 55. Six of the latter group had histories of cerebro- 
vascular accidents or mental deterioration. The presence 
of arteriosclerosis was diagnosed on the basis of histori- 
cal or electrocardiographic evidence of coronary artery 
disease, vascular calcifications on X-ray, peripheral vas- 
cular ischemia, retinal changes, or a previous cerebro- 
vascular accident. The control data for these and other 
groups have been presented and discussed in detail in 
another communication (5). The present report is con- 
cerned only with the responses to CO, inhalation. 


‘ 


RESULTS 


Table IA presents the cerebral circulatory data 
for Group 1. A 40 per cent increase in the CBF 
from the control value of 53 cc. per 100 gm. per 
min. to 74 cc. per 100 gm. per min. is noted. This 
increased blood flow is in part attributable to the 
4 per cent increase in MABP but is mainly a re- 
flection of the 33 per cent drop in CVR. The in- 
crease in JVP noted is a reflection of the increased 
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TABLE IA 
Effects of 5 per cent CO: inhalation on cerebral circulatory functions of young, normotensive, non-arteriosclerotic individuals* 
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t Significant change, p<.05. 


CMRO:: Cerebral oxygen consumption. 
MABP: Mean arterial blood pressure. 
JVP: Jugular venous pressure. 

R.Q.: Cerebral respiratory quotient. 

I: Control value. 

II: Value after inhalation of 5% COs. 


CBF. The other cerebral circulatory functions Table ITA presents the data concerned with the 
are not significantly changed. effects of 5 per cent CO, inhalation upon the cere- 

Table IB presents in detail the effects of the in- bral circulatory functions of the aged, arterio- 
halation of 5 per cent CO, upon the various blood _ sclerotic, but normotensive group. The increase 
constituents, in CBF from 47 cc. per 100 gm. per min. to 55 ce. 


TABLE IB 
Effects of inhalation of 5 per cent COz on blood constituents of young, normotensive, non-arteriosclerotic individuals* 


7 : | ! 
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TABLE 


IIA 


Effects of inhalation of 5 per cent CO, on cerebral circulatory functions of aged, normotensive, arteriosclerotic individuals*® 








Subject 


CBF 
c¢./100 gm./min. 


CVR 
mm. He/cc./ 
100 gm./min. 


CMRO? 


cc. /100 gm./min. 


MABP 
mm. Hg 


JVP 
mm. HO 


R. Q. 





— 

> 
— 
oe 


os 
— 
— 





NENNEKKONWwN 
NWAS WNBA NS 
w= ON NN 











Go God BO NO Gd GC Go 
WwUnrNowovoFfOouw 
ee ee Ge ee 





7 
e) Sco 
1 








©) NH SOAR DOR w 





| ARN mNoo one 


- 
a 
tS 


























* See Tables IA and IB for definitions of symbols. 
t Significant change, p <.05. 


TABLE 


Effects of inhalation of 5 per cent CO, on blood constituents of aged, normotensive, arteriosclerotic individuals* 
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* See Tables IA and IB for definitions of symbols. 
t Significant change, p <.05S. 


TABLE UIA 


Effects of inhalation of 5 per cent CO, on cerebral circulatory functions of individuals with essential hypertension 
uncomplicated by arteriosclerosis* 
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* See Tables IA and IB for definitions of symbols. 
t Significant change, p <.05. 
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TABLE IIIB 


Effects of inhalation of 5 per cent CO; on blood constituents of individuals with essential hypertension 
uncomplicated by arteriosclerosis* 
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* See Tables IA and IB for definitions of symbols. 
t Significant change, p <.05. 


TABLE IVA 
Effects of inhalation of 5 per cent COz on cerebral circulatory functions of hypertensive arteriosclerotic individuals* 
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* See Tables IA and IB for definitions of symbols. 
t Significant change, p <.05. 
TABLE IVB 
Effects of inhalation of 5 per cent CO; on blood constituents of hypertensive arteriosclerotic individuals* 
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per 100 gm. per min. is significant (p< .05) but 
is less than for Group 1 (17 per cent vs. 40 per 
cent). The increased CBF apparently results 
from the combination of an increase in the MABP 
from 94 mm. Hg to 98 mm. Hg and a slight drop 
in the CVR, from 2.1 mm. Hg per cc. per 100 gm. 
per min. to 1.9 mm. Hg per cc. per 100 gm. per 
min., although neither of these changes is statisti- 
cally significant in itself. Table IIB summarizes 
the data for the effects of 5 per cent CO, inhalation 
upon the blood constituents of the individuals in 
this group. The changes noted with respect to 
blood CO, contents, pH, and pCO, are of the same 
magnitude as in Group 1. 

Table IIIA presents the data illustrating the ef- 
fects of 5 per cent CO, inhalation upon the cere- 
bral circulation of hypertensive, non-arterio- 
sclerotic individuals. The 65 per cent increase in 
CBF from 52 cc. per 100 gm. per min. to 86 cc. 
per 100 gm. per min. is greater, but not signifi- 
cantly so, than that noted for Group 1. This in- 
creased CBF is attributable to the combination of 
a 34 per cent drop in the CVR and a 10 per cent 
increase in the MABP. Table IIIB summarizes 
the blood constituent data for the group. 

Table IVA presents cerebral circulatory data 


for the hypertensive, arteriosclerotic patients in- 
dicating the effects of 5 per cent CO, inhalation. 
On a percentage basis, the 36 per cent increase in 
the CBF from the greatly reduced control value 
is comparable to that noted for Group 1 (40 per 


cent) and somewhat less than that noted for 
Group 3 (65 per cent). However, the final level 
obtained is far below that noted in the two afore- 
mentioned groups. The 0.7 mm. Hg per cc. per 
100 gm. per min. drop in CVR noted for this group 
is, in terms of absolute units, similar to the de- 
creases in CVR described for Groups 1 and 3. 
This is, however, only a 19 per cent decrease from 
the control CVR, as compared to the 33 per cent 
and 34 per cent decreases in CVR for Groups 1 
and 3 respectively. Table IVB summarizes the 
blood constituent data for Group 4. The in- 
creases in pCO, obtained with 5 per cent CO, in- 
halation are of the same order as noted for the 
previous groups. 


DISCUSSION 


Vascular resistance is principally a function of 
blood viscosity and the diameters of the blood 
channels, particularly the arteriolar tree. There is 
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no reason to believe there were differences in 
blood viscosity among the various groups. 
Changes in vascular resistance caused by an in- 
creased arterial pCO, largely reflect variations 
in the diameters of the ves:els. A diminished ar- 
teriolar diameter, with its consequent increased 
vascular resistance, may in turn be the result of 
either organic occlusive changes or functional 
vasoconstriction. 

In considering the arteriosclerotic but normo- 
tensive group of elderly individuals, the control 
values for the various cerebral circulatory func- 
tions were found to be within normal limits. It 
was only when these patients were subjected to 
an increased arterial pCO, that significant ab- 
normalities of their cerebral vasculatures were un- 
masked. Unlike the normal response, little de- 
crease in CVR occurred with the elevation of the 
arterial pCO,. The failure to obtain cerebrovas- 
cular relaxation in the presence of arteriosclerosis 
may be explained by several possibilities: 1) The 
vessels may be so rigid that they can neither dilate 
nor constrict to any stimulus; 2) the vessels in 
the individuals of this group may be already maxi- 
mally dilated as a compensatory response to the 
development of arteriosclerosis ; 3) arteriosclerotic 
vessels may no longer respond to the specific dilat- 
ing stimulus of an increased arterial pCO,. The 
finding that the CVR of patients having combined 
hypertension and arteriosclerosis (Group 4) may 
be lowered by CO, inhalations demonstrates that 
the cerebral vessels of arteriosclerotic individuals 
are sensitive to an increased arterial pCO, and 
that such vessels still have a residual elasticity. 
This favors the second of the above possibilities 
as an explanation for the failure of CO, inhalations 
to lower the CVR in the normotensive, arterio- 
sclerotic group. 

The possibility that CO, inhalation increases 
extracerebral contamination of internal jugular ve- 
nous blood specimens has been considered as a fac- 
tor which might influence the results. Study of 
the curves in the various groups failed to reveal 
evidence of such an occurrence in a significant de- 
gree. The ten minute equilibration period for 
nitrous oxide was found adequate in all groups 
both before and after CO, inhalation. 

Various measures, including the inhalation of 
carbon dioxide, have been recommended to stimu- 
late the cerebral blood flow in patients who have 
suffered a cerebral thrombosis. When the throm- 
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bosis is the result of arteriosclerotic narrowing in 
the absence of hypertension, it would seem from 
the results obtained in this study that such efforts 
would be doomed to failure. Furthermore, if such 
patients are in incipient or actual cardiac decom- 
pensation, inhalation of 5 per cent CO, has been 
found to embarrass further the general circulation 
and in many instances to decrease the cerebral 
blood flow (6). However, no final conclusion 
can be reached relative to the efficacy of such meas- 
ures without a direct investigation of the cerebral 
circulation during the acute phase of a cerebral 
thrombosis. At such times cerebral vasoconstric- 
tion mediated by the autonomic system could pre- 
sumably occur even in the absence of hypertension. 

In uncomplicated hypertension, the increased 
cerebrovascular resistance is generally considered 
to be primarily the result of increased vascular tone 
rather than of arteriosclerotic narrowing of the 
vessels. Various measures which reduce the in- 
creased cerebrovascular resistance have been stud- 
ied. Sympathectomy has been found to result in 
an 18 per cent decrease (7), high spinal anesthesia, 
in a 16 per cent decrease (8), and dihydroergo- 
cornine, in a 32 per cent decrease (9) in the cere- 


brovascular resistance in essential hypertension. 
In the present study, the inhalation of 5 per cent 
CO, produced a mean decrease in the cerebrovas- 
cular resistance of 35 per cent, revealing CO, to 
be as powerful a cerebral vasodilator in essential 
hypertension as any of the previously studied 


methods. In addition, it is to be noted that this 
reduction in CVR resulting from an increased ar- 
terial pCO, is not associated with a fall in the head 
of pressure as are the other methods. Even after 
the reduction in cerebrovascular resistance pro- 
duced by the inhalation of 5 per cent CO,, the 
cerebrovascular resistance of patients with essen- 
tial hypertension was 1.7 mm. Hg per cc. per 100 
gm. per min. as compared to the value of 1.2 mm. 
Hg per cc. per 100 gm. per min. for the “normal” 
group after CO, inhalation. This residual in- 
creased vascular resistance in the hypertensive 
group may be attributed to either a failure of CO, 
to produce maximal vasodilatation, or to the ex- 
istence of clinically inapparent arteriosclerosis in 
this group, or, to a combination of the two. The 
failure of such measures as sympathectomy, high 
spinal anesthesia, or dihydroergocornine to pro- 
duce a greater cerebrovascular relaxation than is 
obtained with CO, suggests that near maximal 
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vasodilatation is obtained with CO, inhalation, 
and that the residual increased cerebrovascular 
resistance may be due to organic occlusive disease. 
The possibility of directly measuring the vascular 
resistance of an organ and roughly dissociating 
its components attributable to functional spasm and 
organic occlusion may offer a test for predicting 
the maximal efficacy of therapeutic measures de- 
signed to relieve increased vascular resistance. 

The above concept may be applied to the inter- 
pretation of the data for the group of cases pos- 
sessing hypertension and clinically apparent ar- 
teriosclerosis. Increase of the arterial pCO, in 
this group resulted in the lowering of the cerebro- 
vascular resistance from 3.7 mm. Hg per cc. per 
100 gm. per min. to 3.0 mm. Hg per cc. per 100 
gm. per min. The high residual cerebrovascular 
resistance suggests that the arteriosclerosis pres- 
ent in this group is considerably greater than in 
any of the previously discussed groups. This is 
the same conclusion previously derived (5). 

From these data there seems to emerge some 
clarification of the interrelated effects of hyper- 
tension and arteriosclerosis upon the cerebral he- 
modynamics. 
clinically evident arteriosclerosis, the cerebrovas- 
cular resistance is increased, mostly due to in- 
creased arteriolar tone, but in part probably due to 
arteriosclerosis. This increase in cerebrovascular 
resistance parallels the increase in arterial pres- 
sure and there is no reduction in the cerebral blood 
flow. In arteriosclerosis without hypertension, a 
normal cerebral blood flow and cerebrovascular 
resistance tend to be maintained, possibly by some 
relaxation of the normal vascular tone. Finally, 
where hypertension and arteriosclerosis coexist, 
the arteriosclerosis seems to be of a much greater 
severity and diffuseness than that occurring in the 
absence of hypertension, and an increased vascular 
tone persists. The net effect is a great increase in 
the cerebrovascular resistance and a marked re- 
duction in the cerebral blood flow and oxygen 
consumption. 


In hypertension uncomplicated by 


CONCLUSIONS 


1. The effects of inhalation of 5 per cent CO, 
upon the cerebral circulations of individuals with 
varying degrees of vascular disease have been 
studied. 

2. The normal response to an elevation of ar- 
terial pCO, is a slight increase in the mean ar- 
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terial blood pressure and a drop in cerebrovascular 
resistance with a consequent increase in cerebral 
blood flow. 

3. A group composed of normotensive arterio- 
sclerotic individuals failed to show a significant 
decrease of the cerebrovascular resistance, al- 
though the cerebral blood flow increased slightly. 

4. A small group of individuals with uncompli- 
cated essential hypertension were found to respond 
normally to CO, inhalation. The decrease in 
cerebrovascular resistance noted in this group 
was as great as had previously been produced with 
other methods. 

5. A group of hypertensive arteriosclerotic pa- 
tients also responded normally to CO, inhalation. 
The residual cerebrovascular resistance after CO, 
vasodilatation was still markedly elevated above 
normal, 

6. It is suggested that the response to CO, in- 
halation provides a convenient means for dis- 
sociating and estimating the components of an 
increased cerebrovascular resistance attributable 
to functional vasoconstriction -atid arteriosclerotic 


narrowing to the lumens of the vessels. 
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The importance of the role of the adrenal cor- 
tex in protein and carbohydrate metabolism and 
in adjustments to injury has been well established 
in experimental animals. Studies of the activity 
of the adrenal cortex in similar situations in hu- 
man beings have been handicapped by lack of a 
direct objective method for estimating the rate 
of secretion of adrenal cortical hormones in the 
intact man. Since it seemed possible that the in- 
travenous catheter technique might be applicable 
to this problem, attempts were made to estimate 
the rate of secretion of the adrenal hormones di- 
rectly by obtaining blood from the left renal vein, 
proximal to the entrance of the adrenal vein, and 
multiplying the arterio-venous difference in con- 
centration of cortical hormones by the renal 
plasma flow. The method has serious limitations, 
and, as will be discussed below, is probably not 
sufficiently accurate to be useful as an experi- 
mental clinical tool. 


ANALYTICAL METHODS 


At the time that this project was initiated, no specific 
method was available for the estimation of adrenal cor- 
tical steroids in plasma. Attempts were therefore made 
to use bioassay methods on whole plasma, since it was 
hoped that this would afford a high degree of specificity, 
without any danger of loss of hormone during the extrac- 
tions and manipulations incidental to the use of a chemi- 
cal assay. The concentration of liver-glycogen-depositing 
material in human arterial plasma proved to be too small 
to be detected. For the purposes of the assay, 70 mg. of 
glucose were dissolved in 1.26 ml. of plasma + 0.14 ml. of 
ethyl alcohol. This solution was injected subcutaneously 
in seven 0.2 ml. portions into each adrenalectomized 
mouse according to the schedule of Venning, Kasmin, and 


1 Supported by grants from the Division of Metabolism 
and Endocrinology of the National Institutes of Health, 
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2 Present address: Department of Internal Medicine, 

Yale U. School of Medicine, New Haven, Conn. 


Bell (1). Eight to 10 mice were used for assaying each 
preparation. In all of the assays, the activity of the 
plasma was less than that of 0.1 ml. of Upjohn aqueous 
adrenal cortical extract ® (equivalent to 20 ugm. of hydro- 
cortisone). No significant difference could be found be- 
tween the activity of plasma and saline. As a result of 
our unsuccessful attempts to apply this type of bioassay 
to the estimation of the plasma corticosteroid concentra- 
tion, we have concluded that the quantity of these sub- 
stances present in plasma is too small to be detected by 
the Venning technique. This finding is not in agreement 
with the observation of Paschkis, Cantarow, Walkling, 
and Boyle who were able to use this method for the 
measurement of adrenal corticoids in dog plasma (2). 

Since bioassay was unsatisfactory, a method was de- 
vised for the purification of plasma extracts so that the 
phenylhydrazine colorimetric reaction of Porter and 
Silber could be applied (3). The method finally developed 
is shown in the flow sheet (Table I) and is described in 
detail below: 

Plasma proteins are precipitated, and the lipids simul 
taneously extracted by adding 15 to 20 ml. of plasma to 
20 times its volume of a 3:1 mixture of methanol and 
ether. The plasma is dropped slowly from a pipette into 
200 ml. centrifuge bottles containing the methanol-ether, 
agitated by a magnetic stirrer. The stirrer is allowed 
to run two or three minutes after the precipitation is 
complete to insure complete extraction. The sample is 
then centrifuged for 15 minutes at moderate speed; the 
supernatant, which contains the plasma lipids as well as 
most of the water-soluble components, is transferred to 
a 2000 ml. Erlenmeyer flask, where it is evaporated to 
dryness under a stream of air at not more than 55° C 
Evaporation to dryness must be thorough but not unduly 
prolonged. Hydrocortisone is not 
posure to large volumes of warm air provided that the 
pH is approximately neutral. 

Several spatulas of granular tin metal are placed in 
the two-liter flask, in a separatory funnel, and in each of 
two heavy duty 40-ml. centrifuge tubes. The residue of 
the plasma extract is dissolved in two successive 10 ml. 
portions of 10 per cent isopropyl alcohol at pH 1 
(H,SO,) which are pooled in the separatory funnel, 
where they are extracted with two 10 ml. portions of 


8 Kindly supplied by Dr. Dwight Ingle, of the Upjohn 
Company, Kalamazoo, Mich. 


destroyed by ex- 
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TABLE I 


Schematic flow diagram of method of purifying plasma extracts 
preparatory to applying the Porter-Silber reaction 


15-20 ml. plasma 


300-400 ml. methanol:ether (3:1) 


Precipitate: Contains 
plasma proteins 


Toluene phase : Contains 
bile acids, carotenoid pigments, 
progesterane and other lipids 


Precipitate: Contains additional 
pigments adsorbed on BaSO, 


Hexane phase: Contains neutral 
fats, cholesterol and other 
relatively non-polar lipids 


Undissolved residue 
add 2 ml. H,O 


EXTRACT with 10 ml. 


CHCl:CCl— 


Remaining undissolved residue: 
dissolve in 2 ml. 25% NaCl 
. 


Aqueous and 25% NaCl 
fractions: Contain 
material such as glucose 
and ascorbic acid which 
are chromogenic with 
phenyl hydrazine 


toluene. It is inadvisable to shake this mixture too 
violently, because stable emulsions may form. The tolu- 
ene-isopropy! alcohol mixture is transferred into the cen- 
trifuge tubes. The residue of the plasma extract remain- 
ing in the bottom of the two-liter flask is washed twice 
more with 10 ml. portions of 10 per cent isopropyl alco- 
hol, which are added to the centrifuge tubes. The sam- 


Supernatant: Dried in a 
stream of warm air 


+ 


granular tin 
40 ml. 10% isopropanol 
pH = 1.0 (H2SO,) 


EXTRACT with 2 X 10 ml. toluene 


aqueous phase 
+ 
Ba(OH),: to pH = § 


supernatant 


EXTRACT with 40 ml. hexane 
(‘‘Skellysolve B’’) 


aqueous phase: evaporate to 
dryness in a stream of warm air 


Take up residue in 12 ml. 
CHCI;:CCh (1:1) 





‘ 
CCl,:CHCls 
Wash with 25% NaCl fraction 


CHC1I;:CCh 
evaporate to dryness 


Take up in methanol for 
colorimetry 


ple is centrifuged at 3000 r.p.m. for 15 minutes, after 
which the bottom alcohol layer is removed to other cen- 
trifuge tubes with a 30 ml. syringe equipped with a 4 inch 
No. 18 needle. 

In this extraction, the acid pH makes bile acids rela- 
tively more soluble in the lipid phase than would be the 
case at neutral pH, and they are transferred to the tolu- 
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ene. The same effect probably also occurs with the 
phenolic steroids such as the estrogens. The toluene 
phase becomes brilliantly colored with yellow pigments, 
presumably carotenoids. 

It was found that only about 50 per cent of the hydro- 
cortisone could be recovered when the isopropanol : tolu- 
ene partition was carried out at pH 1. The lost steroid 
could not be found in either phase, and was, therefore, 
presumably destroyed in the acid medium. The destruc- 
tive effect of the low pH could be completely prevented 
by the addition of granular tin, as described above. 

Using pHydrion paper, the pH is adjusted to 5 to 6 
with a saturated solution of barium hydroxide (about 2 
ml.). The resulting precipitate of barium sulfate, with 
small amounts of adsorbed lipids, is removed by centrifu- 
gation at moderate speed for 15 minutes. The supernatant 
is shaken with an equal volume of hexane (“Skelly- 
solve B”) to complete the removal of non-polar lipids. 
The agitation should not be too vigorous, since excessive 
shaking may produce a stable emulsion. The aqueous 
phase, which contains the corticosteroids and water- 
soluble materials, is evaporated to dryness in a 125 ml. 
Erlenmeyer flask under a stream of air at a temperature 
of 55° C., with precautions to assure adequate, but not 
prolonged, drying. 

It was found that simple extraction of the dry residue 
with CCl, failed to dissolve all of the hydrocortisone, 
probably because of mechanical trapping of the steroid. 
It was therefore necessary to dissolve the lipid-insoluble 
material in water in order to permit adequate extraction 
with the lipid solvent. This is accomplished as follows: 

The flask is rinsed with four 3 ml. portions of CCl, 
which are pooled in the colorimetry tube. The remaining 
residue is taken up in 2 ml. of distilled water and shaken 
against 10 ml. of equal parts of chloroform and carbon 
tetrachloride. The evaporation flask is rinsed with a 2 ml. 
portion of 25 per cent NaCl which is put into another 
separatory funnel and used to back-extract the above 
CHCI1,-CCl,. All the CCl, and CHCI,-CCl, fractions 
are pooled in the colorimetry tube and evaporated to dry- 
ness, observing the above mentioned precautions. During 
all manipulations, the sample must be carefully protected 
against contact with rubber. All solvents are redistilled 
shortly before using. The air stream used for blowing 
off the solvents is filtered through a double train of ab- 
sorbent cotton. 

Colorimetry is carried out by adding 0.8 ml. of absolute 
methanol and 1.2 ml. of the acid-hydrazine reagent (1.6 
mg. of recrystallized phenyl hydrazine per ml. of 20 N 
H,SO,). The tubes are cooled as the reagent is added 
to prevent heating when the methanol and sulfuric acid 
are mixed. Readings were made using a Coleman Jr. 
spectrophotometer with an 18 mm. X 125 mm. tube holder 
modified to reduce the path of light to a slit 8 mm. wide, 
with an 18 mm. light path. Optical densities are read 
at 400 and 600 mz exactly five minutes after the addition 
of the reagents. The sample is then incubated for one 
hour at 60° C., cooled rapidly, and re-read at 400 mz 
and 600 ms. The time required for the color to reach 
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a maximum depends on the temperature at which the re- 
action proceeds. In the original method of Porter and 
Silber, the color development was carried out at 80° C. for 
20 minutes. We found it more convenient to develop the 
color for 60 minutes at 60° C. 

Calculations: The reading at 400 me before heating 
corrects for nonspecific color produced by the sulfuric acid 
in the reagent; and the readings at 600 ms correct for 
minimal turbidity which may occasionally occur. The 
corrected opticai density is calculated as follows: 


ODe = OD yo — (OD wo + OD ooo — OD" evo) 
where 


OD. = corrected optical density, 
OD. = optical density observed at 400 mv after 60 
minutes heating, 
OD‘ = optical density observed at 400 mz before heating, 
OD = optical density at 600 mz after 60 minutes heating, 
OD ' oo = optical density at 600 ms# before heating. 


The resulting value of OD. is read from a standard curve 
for Compound F.4 All solutions are read against a 
methanol-phenyl hydrazine blank. 

The calculation of OD. by this method fails to take 
into account nonspecific color which may develop during 
the incubation of sulfuric acid with the plasma extract. 
The Porter-Silber method may be modified by splitting 
the reaction into two steps. The colorless phenylhydra- 
zone can first be formed at pH = 1.0, and, as a second 
step, the concentration of H,SO, can be brought to 12 N 
and the color read immediately. When this is done, the 
extract need not be incubated at elevated temperatures 
with high concentrations of H,SO,, and the nonspecific 
color formed by sulfuric acid appears at once if it is to 
appear at all. Since the intensity of the color formed by 
the one-stage reaction was identical with that produced 
by the two-stage methods, it was concluded that no in- 
creased nonspecific color appears as a result of exposing 
the plasma to hot H,SO,, and no correction was included 
for this possible source of error. 

By this method, it is possible to estimate the plasma 
concentration of neutral lipids giving a color with a peak 
absorption at 400 mz with acid phenyl hydrazine (Figure 
1). Since the reaction is quite specific for steroids with 
a dihydroxyacetone group on the 17-carbon, the color may 
be considered as a result of the presence of 17-hydroxy- 
corticosterone (Compound F), 17-hydroxy-11-dehydro- 
corticosterone (Compound E or cortisone) and 17-hy- 
droxy-11-desoxycorticosterone (Compound S). Of these, 
only Compound F is believed to be present in significant 
quantities in normal human plasma (4). The extraction 
procedure completely removes progesterone (which causes 
a small amount of color at 410 m#), and all of the water- 
soluble materials such as ascorbic acid which are strongly 
chromogenic in the Porter-Silber method. The method 
will not detect adrenal cortical steroids which have no 
17-hydroxyl, and therefore it will not measure corticos- 
terone, which may represent an appreciable fraction of 


4 Generously supplied by the Merck Company. 
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the steroid secretion of the human adrenal gland. Since, 
however, it is estimated that Compound F is the chief 
adrenal steroid present in the plasma of experimental ani- 
mals (5) and since Compound F is more potent than cor- 
ticosterone in promoting glycogen deposition (6) in pro- 
tecting against adrenalectomy (7), and in maintaining 
muscular strength (8), it was felt that measurement of 
Compound F would give an estimate of a large part of the 
adrenal steroid activity in the plasma. 

This method yields recoveries of 85 to 112 per cent of 
adrenal cortex extract added to plasma, and 60 to 70 per 
cent of hydrocortisone acetate is recovered after addition 
to plasma. The standard error of the difference of dupli- 
cate analyses equals 5.1 per cent, indicating that a differ- 
ence of 15.5 per cent between means can be detected with 
p= .05. 

Evidence that the Material Measured is Related to 
Adrenal Cortical Function. Although it seemed theo- 
retically probable that the chromogen measured by the 
method described is in fact an adrenal steroid, it was 
desirable to demonstrate that the material being studied 
actually originates in the adrenal gland. For this pur- 
pose three types of evidence were sought. 

In human beings with adrenal cortical insufficiency, the 
concentration of the chromogen is lower than in normal 
human beings (Table Il). The fact that it is not entirely 
absent may mean that the analytical method is not totally 
specific, and that small amounts of nonspecific (i.¢., non- 
adrenal) chromogenic material are included in the assay. 
It is also possible that, in some patients with clinical 
adrenal insufficiency, small amounts of adrenal cortical 
hormones may still be secreted and appear in minute 


amounts in the blood. After severe, acute trauma, the 
chromogenic material is found in the plasma in increased 
concentration. The range of normal values (3 to 13 ugm. 
per 100 ml.) is similar to that found by Nelson, Samuels, 
Willardson, and Tyler (4) using another method of pre- 
paring plasma for application of the Porter-Silber reaction. 

After the administration of adrenocorticotrophic hor- 
mone (ACTH), the concentration of the chromogen is 
increased (Table III). The peak concentration of the 
chromogen may not have been observed, since Nelson, 
Samuels, Willardson, and Tyler have shown (4), using 


TABLE II 


Concentration of 17-hydroxycorticosteroids in the plasma of 
normal subjects, of patients with adrenal cortical 
hypofunction, and of patients after 
severe acule trauma 


Normal subjects 


Range 
ue./100 ml. 


“7.84 3.3 (Mean+St. Dev.) 
Hypoadrenal subjects 


Concentration of 
; 17-OH-corticosteroids 
Disease pe./100 ml. 
Hypopituitarism* 0 
Addison's Disease* 


2: 
1. 
Addison's Disease* -P 
Adrenalectomy ye 


Patients After Severe Acute Trauma 


Severe gastrointestinal upset with dehydra- 
tion and hyponatremia 

Fracture, left femur 

Lobar pneumonia 

Bleeding peptic ulcer 

Acute pyelonephritis 

Myocardial infarct 

Brachial plexus injury 

1.V. Typhoid bacilli for pyrogen therapy 
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* These sera were kindly donated by Dr. Gilbert Gordan, 
University of California Medical School. 


a different method of analysis of the plasma, that the 
peak elevation of the material measured by their method 
occurs somewhat earlier than the four-hour time interval 
used in this study. 

An additional important point is the fact that the con- 
centration of the chromogen is higher in adrenal vein 
blood than in peripheral blood. Adrenal vein blood was 
obtained by anesthetizing rabbits with pentobarbital intra- 
venously, and tying off in succession the renal pedicles, 
the vena cava below the kidneys, and the vena cava above 
the adrenal glands. The segment of inferior vena cava 
thus isolated received drainage from the adrenal glands 
and also from several small parietal veins. Blood ob- 
tained from this segment does not, therefore, represent 
pure adrenal vein blood, but a large part of the blood so 





DIRECT ESTIMATION OF HUMAN ADRENAL STEROID SECRETION 


obtained does flow from the adrenal glands. The con- 
centration of the chromogen in plasma from a peripheral 
vein was 4.0 ugm. per 100 ml., whereas that in the iso- 
lated inferior vena cava segment was 16.0 ugm. per 100 
ml. in one experiment. In a second experiment, the ar- 
terial concentration was 27.6 ugm. per 100 ml., whereas 
adrenal vein plasma contained 188 ugm. per 100 ml. 

In view of this evidence, it seems probable that most 
of the material measured by the method described origi- 
nates in the adrenal gland, and consists, in fact, of one or 
more of the 17-hydroxycorticosteroids. 

Experimental Design. The catheter was directed, un- 
der fluoroscopic control, through the left brachial vein, 
via the superior vena cava and right atrium, into the in- 
ferior vena cava, and thence into the left renal vein. It 
was necessary to obtain blood from the left renal vein, 
since it is only on the left side that adrenal blood drains 
into the renal vein. In the ideal experiment, the catheter 
was placed in two positions. In one the tip of the catheter 
was pushed out as far as it would go with ease. This 
position was distal to the entrance of the adrenal vein, and 
was intended as a control on the excretion of the adrenal 
steroids by the kidney (Figure 2, A). The second posi- 
tion was as close as possible to the junction of the left 
renal vein and the inferior vena cava. This position was 
proximal to the usual point of entry of the adrenal vein, 
and made it possible to sample a mixture of renal and 
adrenal venous blood (Figure 2, B). Throughout the re- 
mainder of the paper, these two positions of the catheter 
tip will be referred to as RVA and RVB, respectively. 

After the catheter had been placed deep in the renal 
vein, a priming dose of 6.7 mg. per kg. of sodium para- 
amino hippurate (PAH) was given intravenously, after 
which an infusion of 200 mg. of PAH in 100 ml. of saline 
was injected into the vein by an accurately controlled elec- 
trical pump at a rate of about one ml. per minute. An 
indwelling arterial needle was inserted, and a period of 30 
to 45 minutes was then permitted to elapse so that the 
PAH concentration in the blood could become stable, and 
so that the subject could relax after the relatively minor 
trauma of the initial manipulations. All instrumentation 
was performed under adequate metycaine local anesthesia, 
and none of the patients complained of pain at any time 
during the procedure. 

After the 30-minute equilibration period, one ml. of 
heparin was injected into the catheter. Samples were 


TABLE Iil 


Effect of adrenocorticotrophin (ACTHAR Armour) on the 
concentration of plasma 17-hydroxycorticosteroids 








Interval 
between 
— injection and 
2nd sample 


4 hrs. 
4 hrs. 


4 hrs. 
10 min. 


17-hydroxycorticosteroid concentration 
ug. /100 ml. plasma 





Control — After ACTH 


5.0 17.3 
3.0 15.7 
4.7 12.7 
8.6 10.4 








Each subject received 25 units of ACTH intravenously 
immediately after the control sample was drawn. 


INFERIOR 
VENA CAVA—+ 


ADRENAL VEIN 











-L. RENAL VEIN 





Fic. 2. PosiTloNInG OF THE CATHETER 
At “A,” pure renal venous blood is obtained. 


At “B,” adrenal vein blood is mixed with the venous 
blood. 


taken from the artery and catheter for PAH determina 
tion before and after each 17-hydroxycorticosteroid sam- 
ple. Corticosteroid samples were taken from the catheter 
and, immediately thereafter, from the artery, first with 
the catheter tip distal to the entrance of the adrenal vein 
(Position A, Figure 2), and (usually about five minutes 
later) with the tip proximal to the adrenal vein (Position 
B, Figure 2). In some instances, 25 units of ACTH 
were given intravenously after the second corticosteroid 
sample, and a third set of samples was taken 5 to 10 
minutes later. 

Calculations. The renal plasma flow was estimated by 
the Fick principle, assuming that the only route of exit 
for PAH from the blood is via the kidneys. This as- 
sumption is supported by the fact that the concentration 
of PAH in samples taken from various veins was in- 
distinguishable from the concentration in the artery. A 
correction for changing arterial PAH level could have 
been made by the method suggested for hepatic blood flow 
estimations by Bradley, Ingelfinger, Bradley, and Curry 
(9), but arterial PAH levels were sufficiently constant 
that this correction would have been negligible, and it 
was therefore ignored. The renal plasma flow was there 
fore calculated from the formula: 


: I 
ie 

where RPF = renal plasma flow, I = the rate of infusion 
of PAH in mg. per minute, and A and RV = arterial and 
renal venous concentrations of PAH in mg. per ml. 
Since the value for “I” is critical, it was obtained by col- 
lecting the outflow from the infusion pump for exactly 
five minutes at the end of each experiment, analyzing the 
effluent for PAH, and dividing the result by 5 

The method of estimating renal plasma flow described 
above actually measures the rate of flow at the tip of the 
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TABLE IV 
Estimation of the output of 17-hydroxycorticosteroids by the human adrenal gland 








17-Hydroxycorticosteroid concentration 


W1., keg. 


#e./100 ml. plasma 
Art. RV-B* RV-B*-Art. 


Output 
mg./24 hr. 








ue./min. 








56.8 
68.8 
67.1 
65.0 15.6 


59.6 


10.8 12.8 2.0 

11.3 13.3 2.0 

6.9 6.0 6.2 0.2 
15.6 20.0 21.4 1.4 
8.6 1.4 2.8 


15.2 
18.7 


22.0 
26.9 





After ACTH 
17-OH-corticosteroid concentration 





J. M. T. 15 
M 
D. P. 41 
M 


65.0 935 
59.6 1257 


15.3 
10.4 





* RV-A and RV-B refer to positions of the catheter shown in Figure 2. 


catheter, since dilution of pure renal venous blood by 
contaminating (e.g., adrenal, ovarian or spermatic vein) 
blood increases the concentration of PAH in RV. This 
will decrease the value of A-RV, and increase the esti- 
mated plasma flow. 

The adrenal corticosteroid output was estimated by sub- 
tracting the arterial 17-hydroxycorticosteroid concentra- 
tion from the renal venous concentration, and multiplying 
the result by the renal plasma flow. The assumptions im- 
plicit in this calculation will be discussed below. 


RESULTS 


The results obtained in five experiments are 
shown in Table IV. In each case except one, the 
concentration of 17-hydroxycorticosteroids was 
higher in the RV-B sample than in the correspond- 
ing arterial sample. Two possible explanations 
can be suggested for the absence of a difference in 
J.C. It is possible that the catheter tip was im- 
properly placed, so that sample “RV-B” was ac- 
tually taken distal to the point of entry of the 
adrenal vein. It is also possible that this patient 
had an anomalous adrenal vein which entered the 
vena cava instead of the left renal vein. 

It is noteworthy that the arterial concentration 
of plasma 17-hydroxycorticosteroids was not ele- 
vated above normal levels in four of the five sub- 
jects. After the injection of ACTH, the estimated 
adrenal corticosteroid output was appreciably in- 
creased in the two subjects in whom it was possible 
to perform this experiment. In one case, however 


(D. P.), the increase was entirely a result of in- 
creased renal plasma flow. 


DISCUSSION 


Several fundamental assumptions must be made 
before the data presented above can be accepted at 
face value. The most important of these is that 
adrenal venous blood is uniformly mixed with 
renal venous blood by the time it reaches the 
catheter tip. It is highly unlikely that this oc- 
curs, since the flow of rapidly moving blood masses 
tends to stream in discrete layers. The propor- 
tions of admixture of the renal and adrenal blood 
will depend entirely upon the position of the orifice 
of the catheter tip in relation to the margins of the 
two streams. Since, however, the renal blood flow 
is very rapid, and since the presence of the catheter 
itself probably produces some turbulence, a con- 
siderable, unpredictable degree of mixing may 
occur. To some extent, therefore, the results ob- 
tained by the catheter will be determined by chance. 

The catheter technique samples a mixture of 
blood from the left adrenal and kidney. The 
method of calculation of renal plasma flow assumes 
that left and right kidneys are equally active and 
that similar PAH extractions would be obtained 
if both renal veins were samples. The calculated 
RPF is, therefore, the total plasma flow for both 
kidneys. Since the actual observations are made 
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only on the left side, it must be assumed that the 
activity of left and right adrenals is equal. The 
method of calculation, in fact, results in a value 
for double the output of the left adrenal, rather 
than the combined output of right and left adrenal 
glands. While it is probably correct to assume 
that the activity of the two glands is usually equal, 
this is not known in any given case, and grossly in- 
correct results would be obtained if either gland 
were very much more active than the other. 

The volume of blood flowing through the kidney 
is so large that the volume of adrenal venous blood 
added is not significant in disturbing the calcula- 
tion of renal plasma flow. In most cases, more 
than 95 per cent of the PAH was removed from 
the blood obtained through the catheter, indicating 
that more than 95 per cent of the blood had been 
exposed to the excretory activity of the renal tu- 
bules. This fact results in a very great dilution of 
the adrenal venous blood. Consequently, the dif- 
ferences in the concentration of 17-hydroxycorti- 
costeroids in arterial and renal vein blood are 
small. In order to calculate the corticosteroid out- 
put, this small difference must be multiplied by 
the very large renal plasma flow. As a result the 
importance of analytical inaccuracies in the deter- 
mination of the adrenal steroids is exaggerated 
many fold. The calculated output of adrenal 
steroids must, therefore, be accepted only with 
grave reservations. 

In view of the serious criticisms of the experi- 
mental approach which have just been mentioned, 
it is interesting to find that the results obtained are 
actually reasonable and consistent with previous 
observations by other methods. The “resting” 
output of the human adrenal gland in the four ex- 
periments which were successful was equivalent 
to 17 to 29 mg. of Compound F equivalents per 
day. These values are not very different from the 
amounts of cortisone (15 to 25 mg. per day) found 
suitable for maintenance therapy in patients with 
adrenal cortical insufficiency (10). The quanti- 
ties of steroid secreted five minutes after ACTH 
approximate the dose of cortisone which has been 
used for the treatment of patients with Addison's 
disease subjected to operative trauma (100 mg. 
per day or so). These results also suggest that 
the administration of ACTH can result in the 
secretion of quantities of 17-hydroxycorticosteroids 
comparable to the therapeutic doses of cortisone 
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used in the treatment of arthritis and other in- 
flammatory diseases. 


SUMMARY 


A new method is described for estimating the 
concentration of 17-hydroxycorticosteroids in 
plasma. The material measured is of adrenal 
origin, as evidenced by the fact that it is reduced 
in patients with Addison’s disease, increased after 
the administration of adrenocorticotrophic hor- 
mone, and increased in plasma from the adrenal 
vein as compared with arterial plasma. The nor- 
mal concentration range is 3 to 13 pgm. per 100 
ml. plasma. The rate of secretion of 17-hydroxy- 
corticosteroids has been estimated in normal hu- 
man subjects by collecting simultaneous samples 
of left renal vein and arterial blood, and determin- 
ing the difference in concentration of the hor- 
mone. The rate of release of the hormones can be 
estimated by multiplying this difference by the re- 
nal plasma flow. In the experiments described, the 
hormone was secreted at a rate equivalent to 15 to 
25 mg. of hydrocortisone per day. The limitations 
of the method are discussed at length. In view of 
the inherent inaccuracies of the technique, other 


methods of evaluating the effect of various agents 
on adrenal secretion must be found. 
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INTRODUCTION 


Previous quantitative studies of the urinary 
metabolites of cinnainic acid in human subjects 
have given promise of yielding data of clinical 
value in hepatic disease (1,2). As is well known 
from both animal and human experiments, this 
relatively non-toxic substance is converted to and 
excreted as hippuric acid in the urine. The pos- 
sibilities of this test material as a model for the 
study of the rate of beta-oxidation by the liver of 
the intact subject were first suggested by Snapper 
(3). Snapper, Yu and Chiang demonstrated that, 
in the human subject, the portion of cinnamate 
which escaped oxidation was excreted by conju- 
gation as cinnamoylglucuronic acid (4). Fur- 
thermore, in their subjects free cinnamic acid and 
cinnamoylglycine were not detected. 

After oral administration of 6.9 grams of so- 
dium cinnamate, Snapper and Saltzman showed 
(2) that normal subjects oxidize the main part 
of the cinnamate to benzoate, the remainder being 
conjugated as a glucuronide. In liver disease the 
rate of oxidation of cinnamate was decreased, and 
when the benzoate was produced more rapidly 


than it could be removed by an impaired glycine 
conjugation mechanism, benzoylglucuronide was 


formed. It was also found that by giving com- 
parable amounts of the more insoluble and slowly 
absorbed cinnamic acid rather than its salt, there 
was a more complete oxidation of cinnamate to 
benzoate and less glucuronide excretion in the 
urine. 

It would appear from the above that the pre- 
ferred metabolic pathway is beta-oxidation to ben- 
zoate, with a secondary mechanism of removal as 
cinnamoylglucuronic acid. That the latter ‘‘de- 
fense” mechanism can be brought into greater use 


1 This investigation was supported (in part) by a re- 
search grant (A-62) from the National Institute of Ar- 
thritis and Metabolic Diseases of the National Institutes 
of Health, Public Health Service. 


with impairment of oxidative function was seen 
in hepatic disturbances where a uniform dose of 
3 grams of cinnamic acid wzs given to all sub- 
Upon administration of the latter, a semi- 
quantitative test for excessive excretion of glu- 


jects. 


curonides was performed on fractional urine speci- 
In normal subjects there was little or no 
reaction with the naphthoresorcinol reagent while 
in hepatocellular disease almost all subjects tested 
showed increased excretion of glucuronides, often 
with a lag period. 
zoylglucuronic acid test, greater sensitivity was 
noted with cinnamic acid as the test substance. 
The lack of sensitivity of the oral benzoic acid 
test has also been noted by Sharnoff, Budnick and 
Jakab (5). 

With the development by the authors of a 
method of estimation of serum cinnamic acid, a 
further clinical trial of cinnamic acid as a test ma- 
terial in the evaluation of liver function in various 
disease states appeared warranted. The intra- 
venous route of administration with sodium cin- 
namate was chosen to overcome the marked varia- 


mens. 


By comparison with the ben- 


tion in rates of intestinal absorption of cinnamic 
It will be demonstrated that the rate of re- 
moval of cinnamate from serum, which largely is 


acid. 


an index of hepatic oxidative ability, was closely 
correlated to the extent of liver injury as deter- 
mined by the clinical progress of the patient and 
other tests. 

METHODS 


Clinical Procedure: 


1. Oral test. Patient is fasting and receives neither 
medications nor i.v. glucose. A control specimen of blood 
is obtained. Cinnamic acid is given orally in gelatin cap 
sules 0.6 gram per 30 lb. with water. Repeat blood speci- 
mens are taken hourly for a two hour period and an entire 
six hour urine sample saved for hippuric acid determina- 
tion. 

2. Intravenous test. Patient is fasting as above. Af- 
ter a control specimen is drawn, the syringe is detached 
and through the same needle sodium cinnamate is in- 
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Fic. 1. STANDARD Curve or CINNAMIC ACID 
Optical density of sodium cinnamate added to serum, 
blank subtracted, with measurement at 270 mw in the 
Beckman Spectrophotometer. 


jected in dosage of 5 mg. per kg.2. Repeat specimens of 
blood are taken at timed intervals, 5 and 20 minutes. 


Analytical Methods: 


Blood serum was used in all tests. Glucose was deter- 
mined by the Benedict method (6) and inorganic phos- 
phorus by the method of Benedict and Theis (7). Serum 
glucuronic acid was determined by a modification of the 
naphthoresorcinol reaction as described by Fishman, 
Smith, Thompson, Bonner, Kasdon, and Homburger 
adapted to blood serum (8). The standard curve was 
prepared with glucuronolactone. Readings were made 
at 580 mu (rather than the described 565 m#) where the 
peak absorption with the Beckman apparatus was ob- 
tained. An essential element in obtaining reproducible 
data with this procedure is the scrupulous care given to 
the glassware. An important step is to leave the boiling 
tubes in 5 per cent KOH overnight. The readings ob- 
tained from sera of patients given invert sugar intra- 
venously the previous day will be increased due to the 
interference of a brown color extracted by toluene. 

An ultraviolet absorption procedure was devised for 
the estimation of cinnamic acid in serum. Sodium cin- 

2 The Eli Lilly Research Laboratories, Indianapolis 6, 
Ind. kindly prepared a highly purified, sterile, aqueous 
solution of sodium cinnamate for intravenous usage. A 5 
per cent solution was employed, but as that concentration 
is near the saturation limit, a 2.28 per cent solution was 
later prepared for stability. The latter is approximately 
isotonic, and dosage is 0.1 cc. per 10 Ib. body weight. 
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namate added to the precipitating cadmium hydroxide 
reagent showed a strong peak of absorption at 270 ms# at 
which wavelengths benzoic, hippuric and phenylpropionic 
acids have almost no absorption. Cadmium hydroxide 
removes bilirubin as well as many constituents of serum 
absorbing in the ultraviolet without appreciable loss of 
cinnamic acid. Recovery experiments show that 90 to 98 
per cent of the cinnamate is retained in the filtrate. A se- 
rum blank before the test is always necessary. This is 
a critical feature of the method, significant variations in 
the blank being present in some samples. Sulfonamides 
in particular may elevate the serum blank. 

To duplicate 0.5 ml. portions of serum, add 0.5 ml. of 
water, 5.0 ml. of 0.58 per cent cadmium sulfate solution 
and 1.0 ml. of 0.1 N NaOH. Place in boiling water bath 
for four minutes, cool, filter. An additional 2 ml. of wa- 
ter is used to complete the transfer. For the reagent 
blank, water is used in place of serum. The filtrate is 
then placed in a 1 cm. quartz cell and measured in the 
Beckman Spectrophotometer at 270 mz. Duplicate analy- 
ses should agree within 5 per cent. 

The stock standard solution is sodium cinnamate C.P., 
1.15 grams per liter. It is diluted ten-fold to give con- 
centration equivalent to 100 micrograms of cinnamic acid 
per ml. The standard curve (Figure 1) is obtained by 
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Fic. 2. Locartramic DISAPPEARANCE OF Sopium CIN- 
NAMATE FoLLow1nGc INTRAVENOUS INJECTION (5 MG. PER 
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addition of 0.5 ml. of standard cinnamate in varying con- 
centrations to 0.5 ml. of pooled serum and proceeding 
with the analysis as described above. A serum blank, 
containing no added cinnamate, is subtracted and the re- 
sultant optical density plotted against equivalent serum 
cinnamic acid. A straight line relationship is obtained, 
which for our Beckman Model DU Ultraviolet Spectro- 
photometer followed the equation: 


(density unknown—ensity blank) X 15.8 = mg. cinnamic 
acid per 100 ml. serum. 


This factor (15.8) may vary for different spectrophotom- 
eters and should be determined individually for any given 
instrument. 

To indicate the precision of the method, in a series of 
100 consecutive analyses, the duplicate determinations dif- 
fered by a mean of 0.10 mg. per 100 ml. serum (S.D. = 
0.08). In addition it was thought worthwhile to deter- 
mine the lowest level of cinnamic acid concentration which 
could be determined with accuracy by the ultraviolet 
technique in order to establish the significance of cinnamic 
acid levels reported in the lower range (0.3 to 2.0 mg. per 
100 ml.). Recovery experiments with concentrations at 
intervals in this range indicated an accuracy within 0.1 
mg. per 100 ml., sufficient for our purposes. 

Following intravenous administration the cinnamate 
disappears rapidly from the blood. By measuring the 
concentration of serum cinnamate at intervals in five 
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subjects, it was found that the decrease in concentration 
with time was logarithmic, «.e., followed a first order reac- 
tion as shown in Figure 2. The rate of decline of cin 
namate level is equal to the value for the slope of the 
straight line and is expressed as per cent change in con 
centration per minute: 
ae x 100=K 
The hippuric acid in urine was determined by the 
gravimetric procedure of Quick with the addition of am- 
monium sulfate to decrease the solubility of the hippuric 
acid in the filtrate (9). Results are expressed as per cent 
conversion of cinnamic to hippuric acids in the six hour 
interval. 
OBSERVATIONS 


The data obtained with the oral cinnamic acid 
test are shown in Figure 3. The peak serum cin- 
namic acid level was reached in either the Ist or 
2nd hour specimen in 19 out of 20 subjects studied 
hourly for four hours after cinnamic acid ingestion. 
Because of the variation shown in the rate of in- 
testinal absorption, the mean 1 and 2 hour level 
was taken for comparative purposes. In 23 nor- 
mal subjects the serum cinnamic acid level was in 
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or TEXT 


Blood was drawn at 0, 5, and 20 min. after intravenous injection of sodium cinnamate in dosage of 
5 mg. per kg. The absorption curve of sodium cinnamate in distilled water is indicated by the dotted 


line. 


the range of 0.3 to 3.4 mg. per 100 ml. with ab- 
sorption and conversion of cinnamic to hippuric 
acids of 67 to 94 per cent of the theoretical yield 
in the six hour period. The 17 patients with 
hepatocellular disease had serum cinnamic acid 
levels of 4.2 to 13.8 mg. per 100 ml. and showed 
decreased conversion to hippuric acid as a group 
although there was some overlap with the normal 
controls. There was no decided change in either 
the glucose, phosphorus or glucuronic acid values 
in any of the subjects tested. The only side effect 
was nausea and vomiting in one patient. 

In Figure 4 the ultraviolet absorption curves of 
serum at 0, 5, and 20 minutes after intravenous 
injection of sodium cinnamate 5 mg. per kg. are 
given in two typical instances. In the 5 minute 
specimen the normal subjects had levels of 2.7 to 


4.9 mg. per 100 ml. expressed as cinnamic acid, 
while in liver disturbances the 5 minute level 
ranged 1.9 to 5.0 mg. per 100 ml. In the normal 
subject the 5 minute specimen shows the cinnamate 
maximum at 270 m# with a rapid decline to almost 
the control level in the next 15 minutes. The pa- 
tient with liver damage, as illustrated by a patient 
with Laennec’s cirrhosis, has a somewhat higher 
control level and a less marked fall of the cinna- 
mate peak in the 20 minute specimen. Further- 
more, in one-third of the cases of hepatocellular 
damage the observation was made that, as in this 
instance, both the 5 and 20 minute levels at the 
shorter wavelengths fall below the control level. 
The explanation for the latter is not known. 

To date 125 intravenous sodium cinnamate tests 
have been performed. Side effects are a transient 
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flushing in about one-fifth of the patients and in 
an occasional patient an epigastric cramp-like pain 
several minutes in duration. These reactions do 
not correlate to the cinnamate level attained, nor 
are they a constant finding with an individual pa- 
tient in whom the procedure is repeated. There 
was no febrile response. 

In Figure 5 the distribution of rates of decline 
of serum cinnamate in 105 tests in normals and in 
various pathologic conditions* are given. The 
range for 18 carefully examined normal subjects, 
aged 14 to 64 years, was 4.0 to 6.0 per cent per 
minute. In the group with cirrhosis of the liver, 
the majority of values was between 0.8 and 3.1 
per cent per minute with several higher values ob- 
tained in patients in a latent phase of their illness. 
Serial determinations showed a direct correlation 
of increased rates of cinnamate removal with im- 
provement in the clinical status and remarkably 
constant rates in the unimproved patient. Weekly 
determinations of K in a patient with Laennec’s 


3In the 20 tests not graphed there were miscellaneous 
diagnoses such as Hodgkin’s, leukemia and myeloma 
which did not fall under the listed headings. 
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cirrhosis undergoing a remission, for example, 
gave the following results: 1.8, 2.0, 2.3, and 2.7. 
In hepatitis the initial values are usually low in the 
acute phase of the illness, rising. with clinical im- 
provement until values within the normal range 
are obtained. The congested liver due to heart 
failure may obtain a low value during the acute 
episode with rapid improvement as the cardiac 
condition is brought under control. For example, 
one such patient had a value of 1.6 on admission 
which rose to 2.8 within ten days as the heart fail- 
ure subsided. The metastatic carcinoma patients, 
all with obvious clinical involvement of the liver, 
obtained intermediate values from 2.1 to 3.3 per 
cent per minute. All six patients with common 
duct obstruction were explored surgically. Di- 
minished rates of cinnamate removal were found 
in the three with long-standing obstruction. 
Slightly diminished rates were present in the 
post-operative group (2.9 to 3.8). These were 
patients in the early post-operative stage where 
there were the factors of nutritional impairment 
and infection which may have had a bearing. In 
addition to routine liver function tests, explora- 





NUMBER OF PATIENTS 


Common OVUCT 


METASTATIC 


CONGESTION 


HEPATITIS 


° wditd di . 


CIRRHOSIS 











3 4a 
Fic. 5. Rate or DecLine or SERUM CINNAMATE (K) As Per Cent Per 
MINUTE CHANGE IN SERUM CONCENTRATION FoLLowING INTRAVENOUS IN- 
JECTION OF SoprtuM CINNAMATE IN 105 Tests 1N NorMALS AND Various 
Hepatic AND OTHER DISEASE STATES 





716 


ABRAHAM SALTZMAN 


TABLE I 
Fasting serum glucuronic acid level mg./100 ml.* 


Weeks in hospital 


Diagnosis Comment 


1 3 





Recovery 

Recovery 

Recovery 

Recovery 

Improved 

Delayed improvement 
Improved 

Unchanged 

Slight improvement 
5.2 Died in Sth week 


. Hepatitis 
. Hepatitis 
. Hepatitis 
. Hepatitis 
. Cirrhosis 
. Cirrhosis 
?. Cirrhosis 
. Cirrhosis 
. Cirrhosis 
. Cirrhosis 


ASF eoanrens 
aww Owerwswen 























* Uncorrected for glucose (see text). 





tory operation, autopsy findings, or liver biopsy 
were utilized in approximately one-third of the 
patients in arriving at a definitive diagnosis. 

In two patients with multiple myeloma, K values 
over 6.0 per cent per minute were observed (7.9 
and 8.0). The latter, in addition, had 5 minute 
cinnamate levels of only 1.2 and 1.4 mg. per 100 
ml., which was considerably lower than any other 
subject tested and indicative of an accelerated re- 
moval of cinnamate. A return of the 5 minute 
and K values to normal was observed in one pa- 
tient while under treatment with urethane and 
cortisone. A third patient with myeloma had a low 
5 minute level (1.7) and low K value (3.4) both 
of which rose to normal (2.0, 4.3, respectively) 
under urethane therapy. A fourth patient in an 
early clinical stage of this disease without roentgen 
evidence of bony destruction had normal findings. 

After intravenous there was no 
marked change in the inorganic phosphorus or 
glucuronic acid levels as compared to the control 
fasting state. However, an elevation above the 
normal was seen in the fasting control glucuronic 
acid value in the patients with active liver damage, 
the glucose level being unchanged. Thus, with 
the method given we found that in the normal sub- 
ject glucuronic acid values (uncorrected for glu- 


cinnamate 
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cose) were in the range 2.3 to 4.0 mg. per 100 ml. 
(42 determinations with the mean of 3.2 and S.D. 
of 0.5), while a group of 75 liver patients in various 
stages of hepatitis, cirrhosis, metastasis and con- 
gestion had a mean level of 4.8 mg. per 100 ml. 
with S.D. of 1.4 (Figure 6). This is a statistically 
significant difference. In this regard it is of in- 
terest that in ten unselected hepatitis or cirrhosis 
patients in whom repeat determinations were made, 
elevated values returned to normal in the patients 
undergoing remission and were unchanged in the 
unimproved (Table 1). With the glucuronic acid 
method of Fishman, Smith, Thompson, Bonner, 
Kasdon, and Homburger, a correction for glucose 
content was not found significant in the normal 
or liver damage group, but of importance in the 
diabetic where the deviation due to glucose may 
be large (10). 
DISCUSSION 


A summary of recorded observations of meta- 
bolic pathways in the fate of cinnamic acid after 
ingestion by human subjects is indicated in Fig- 
ure 7. These data are based on measurements of 
conjugation products excreted in the urine. In 
the dosage given the normal pathway (counter- 
clockwise in Figure 7) is largely by beta oxida- 
tion to benzoic acid and conjugation of the latter 
with glycine to form hippuric acid. In liver dam- 
age there is diminished oxidation to benzoate and 
diminished glycine production and conjugation, 
with greater use of the glucuronic acid conjuga- 
tion system (clockwise in Figure 7). 

With the development by the authors of a 
method of measurement of blood cinnamate level, 
a further trial of cinnamic acid as a liver test sub- 
stance was performed. In the liver damage group, 
the orally administered test demonstrated again 
the impaired oxidation of cinnamate to benzoate 
by the elevation of serum cinnamate levels and 
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Fic. 7. METABOLIC PATHWAYS OF CINNAMIC ACID 


The normal pathway is largely counterclockwise. 


In liver damage with impairment 


of oxidation of cinnamate to benzoate and glycine conjugation to hippurate, there is 
increased demand on the glucuronic acid conjugation system (clockwise). 


concomitant decreased excretion of hippuric acid 
in the urine. Since the glucuronic acid level was 
unchanged over the control value, it can be as- 
sumed that the excess of unoxidized cinnamate 
was circulating as a sodium salt rather than as a 
conjugated compound. No significant change was 
noted in the glucose and phosphorus levels in the 
patients studied. The latter indicated that the 
intact human being given the dosage employed in 
this study reacts differently from isolated rat and 
guinea pig kidney and liver slices as studied by 
Weinbach, Lowe, Frisell, and Hellerman (11). 
They noted that the presence of cinnamate will 
presumably increase the rate of utilization of glu- 
cose as seen from lactate accumulation which is 
paralleled by increased glucose removal. 

The rate of decline of serum cinnamate con- 
centration following intravenous administration 
appears to offer a suitable index of the oxidative 
function of the liver. From the distribution of 
results obtained in various disease states, and from 
serial determinations made in patients with liver 


damage with correlation to the clinical status, it 
is apparent that there is a direct relationship be- 
tween the functional adequacy of the liver and the 
rate of removal of cinnamate. The clinical ma- 
terial clearly points to the liver as the principal 
site of this metabolic activity. 

Unlike the sulphobromphthalein sodium reten- 
tion test, the presence of jaundice interferes neither 
with the metabolic pathway nor the method of de- 
termination of cinnamate. Low rates of serum 
cinnamate removal were seen in hepatitis, cirrhosis 
and congestive hepatomegaly in direct relationship 
with the clinical status of the patient. With im- 
provement in hepatitis the values returned to the 
normal range, but in the cirrhotics the improve- 
ment was not as marked. Normal or near normal 
values were found in the latent or well compen- 
sated cirrhosis patients who were under hospital 
surveillance for other reasons. Since a close cor- 
relation was found between the rate of cinnamate 
decline in the serum and the severity of the liver 
injury, the results of this test may have a prog- 
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nostic importance. No definite statement can as 
yet be made as to the significance of a particular 
range of values with this test compared to routine 
liver function studies until a much larger homo- 
geneous series of patients are studied. 

In two patients with multiple myeloma, the rate 
of removal of cinnamate was increased to almost 
twice normal. It follows that this may be due, in 
part, to the metabolic activity of the myeloma cells. 
In one patient in whom the latter was suppressed 
by urethane and cortisone, K values dropped to 
normal, 

A mild elevation in the fasting glucuronic acid 
levels in a proportion of patients with liver disease 
was noted, along with a rapid return to normal 
early in the course of improvement. If further 
observations bear out this finding, it may be a prog- 
nostic guide with these patients. Simultaneous 
glucose determinations were in the normal range. 
While large doses of drugs may cause glucuronic 
acid elevation, most of the liver patients received 
only diet and vitamins and had the above mentioned 
changes with continuation of the same therapy. 
These data may be interpreted as indicating the 
greater use of glucuronide conjugation mechanism 


in the acute phase of liver injury, possibly for the 
removal of endogenous metabolites that are not 


handled through their normal pathways. In that 
respect, it may parallel the increased glucuronide 
conjugation with benzoic or cinnamic acids as 
test materials when the primary methods of re- 
moval, glycine conjugation and oxidation, re- 
spectively, are impaired. 


SUMMARY AND CONCLUSIONS 


1. A method for the determination of serum 
cinnamate by measurement of a cadmium hydrox- 
ide filtrate in the ultraviolet at 270 my is presented. 

2. Cinnamic acid administered orally in dosage 
of 0.6 gram per 30 lb. to normal subjects gave 
average serum cinnamic acid levels of less than 
3.5 mg. per 100 ml. with conversion of 67 to 94 
per cent hippuric acid in a six hour period. In 
patients with hepatocellular disease the serum cin- 
namic acid levels were elevated, ranging 4.2 to 
13.8 mg. per 100 ml. with decreased conversion to 
hippuric acid and no significant changes in serum 
glucuronides, glucose, or inorganic phosphorus. 

3. An important metabolic derangement in he- 
patic disorders, that of diminished oxidative ca- 
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pacity, may be conveniently measured with sodium 
cinnamate as the test substance. The rate of de- 
cline of serum cinnamate after intravenous injec- 
tion with the dosage of 5 mg. per kg. can serve 
as an index of hepatic oxidative ability; the nor- 
mal value is 4.0 to 6.0 per cent per minute. In 
hepatocellular damage the rate is decreased to as 
low as 0.8 per cent per minute and as seen from 
serial determinations is in direct relation to the 
clinical state of the patient. In 125 tests per- 
formed, minor side effects such as flushing and 
transient abdominal pain were occasionally pres- 
ent. The presence of jaundice interferes neither 
with the method of analysis nor the metabolic 
pathway. The indications are that the results 
of this test may have clinical usefulness in the 
evaluation of the extent of liver injury in conjunc- 
tion with other laboratory aids. 

4. Increased rates of removal of cinnamate from 
serum may occur in multiple myeloma as observed 
in two patients, 

5. Patients with liver damage had a significant 
elevation of the concentration of serum glucuronic 
acid in the fasting state as compared with nor- 
mal controls. With improvement in the clinical 
course of the liver disturbance there was a return 
of fasting glucuronic acid level to the normal. 
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Chronic pulmonary disease, particularly em- 
physema and fibrosis, may result in variable al- 
terations in blood oxygen and carbon dioxide ten- 
sions, depending upon the severity of the disease. 
Changes in carbon dioxide and oxygen tensions 
have been shown to have a profound influence on 
cerebral circulation in acute experiments on nor- 
mal subjects (1). Recently Patterson, Heyman, 
and Duke (2) demonstrated that cerebral blood 
flow was increased above normal in a group of 
subjects with severe chronic pulmonary emphy- 
sema, most of whom had cor pulmonale and were 
in congestive heart failure. Their studies re-em- 
phasized the importance of the influence of blood 
carbon dioxide and oxygen tensions on cerebral 
blood flow, even though the alterations in the ten- 


sions of these gases were chronic. Their patients 
all had advanced pulmonary disease, however, and 
it was felt that it would be of interest to study 
the effects of less severe pulmonary disease, and 


less profound and more variable alterations in 
blood gas tensions, on the cerebral physiology. 
Most of these patients were studied before and 
during moderate exercise, since mental status 
changes are known to occur in some patients with 
chronic pulmonary disease during exertion. 


METHODS 


Cerebral blood flow studies were carried out by means 
of a modification (3) of the original nitrous oxide tech- 
nique (4) on 9 of 22 subjects with chronic pulmonary dis- 
ease. The original nitrous oxide technique with intermit- 
tent sampling was used in the other 13 patients. Twenty 
of the patients had chronic pulmonary emphysema of vary- 
ing severity, confirmed by history, physical examination, 
radiographic and fluoroscopic studies, and, in most cases, 


1 This investigation was supported by research grants 
(H-832 and H-832C) from the National Heart Institute 
of the National Institutes of Health, Public Health 
Service 


by an estimation of maximal breathing capacity, vital 
capacity, and air velocity index (5). Two patients had 
pulmonary fibrosis without evidence of significant ob- 
structive phenomena in the lungs, and this was confirmed 
by the finding of a normal air velocity index in these two 
subjects (S. A. and J. G., Table I). Electrocardiograms 
were made on all subjects but one (G. W.), and showed 
confirmatory evidences of cor pulmonale in 10 of the sub- 
jects. Eight of the subjects with cor pulmonale showed 
evidences of heart failure (though only one, C. A., was in 
severe failure) at the time of admission. The diagnosis 
of cor pulmonale in these patients was made by clinical 
findings, electrocardiographic changes, and chest fluoros- 
copy (evidences of enlargement of the right ventricular 
outflow tract). The patients were not studied until clini- 
cal evidences of congestive failure had disappeared on 
appropriate management, and none of the patients was 
studied during the acute stages of the illnesses which 
precipitated their admission, usually bronchiolar or pul- 
monary infections. In this way an effort was made to 
study each patient in a reasonably stable state, so that the 
possible effects of infection or heart failure would not 
interfere with an accurate interpretation of the results. 
The patients were classified for severity of pulmonary 
involvement according to the criteria set forth by Bald- 
win, Cournand, and Richards (6, 7). 

The patients were fasting but no restrictions were 
placed on smoking prior to the procedure. In 12 of the 
subjects after the initial blood flow procedure was per- 
formed, exercise was carried out in the supine position by 
means of a type of exercycle attached to the foot of the 
table and supplied with variable resistance loads. This 
proved to be an unsatisfactory type of exercise, for in 
almost every instance the patient’s legs would become 
tired before dyspnea appeared; many subjects who were 
unable to walk 50 yards without considerable dyspnea 
experienced little difficulty, even after performing the 
supine exercise for 20 to 35 minutes. The second blood 
flow was done after the patient had exercised for at 
least 10 minutes and the exercise was continued until the 
final blood samples were drawn. In one subject (T. K.) 
this exercise was sufficient to produce mild cyanosis, but 
none complained of severe respiratory distress, and none 
showed evidences of mental disturbances following 
exercise. 

Arterial and venous oxygen contents were determined 
spectrophotometrically, according to the method of Hickam 
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TABLE | 
Clinical and pulmonary function data 








Per cent 
normal 
maximal 
breathing 
capacity 


Per cent 

normal Air 
vital velocity 

capacity index 


Classifi 
Diagnosis and comments cation 


42 072 | 





Bronchial asthma, severe; pulmonary emphysema; 30 
no failure on admission. 
Tuberculosis, moderately advanced, active; pulmo- 59 
nary fibrosis; no failure on admission. 
Chronic bronchitis, pulmonary emphysema; cor 2 41 
pulmonale; no failure on admission. 
Pulmonary emphysema; cor pulmonale; failure on 35 
admission. 
Chronic bronchitis; pulmonary fibrosis; no failure 53 
on admission. 
Pulmonary granulomatosis; cor pulmonale; failure 
on admission. 
Bronchial asthma, severe; pulmonary emphysema ; 
no failure on admission. 
Pulmonary emphysema; cor pulmonale; failure on 
admission. 
Intrinsic asthma; pulmonary emphysema ; no failure 
on admission. 
Bronchial asthma; bronchiectasis; pulmonary em- 
physema; cor pulmonale; failure on admission. 
Pulmonary emphysema; cor pulmonale; failure on 
admission. 
Pulmonary emphysema; no failure on admission. 
Bronchial asthma; pulmonary emphysema; cor pul- 
monale; no failure on admission. 
Pulmonary emphysema and fibrosis ; cor pulmonale ; 
failure on admission. 
Puimonary emphysema; cor pulmonale; failure on 
admission. 
Bronchial asthma; pulmonary emphysema; no fail- 
ure on admission. 
Bronchial asthma; pulmonary emphysema; no fail- 
ure on admission. 
Pulmonary emphysema; no failure on admission. 
Bronchial asthma; pulmonary emphysema; no fail- 
ure on admission. 
Pulmonary emphysema; cor pulmonale; failure on 
admission. 
Bullous emphysema; no failure on admission. 
Bronchial asthma; pulmonary emphysema; no fail- 
ure on admission. 


1.0 | 





syringes and immediately transferred to a constant tem- 
perature room at 33-34° C. The syringes were allowed 


and Frayser (8). Blood samples for oxygen determina- 
tion were drawn before and after each blood flow measure- 


ment, and the average was used as the final value for 
arterial-cerebral venous oxygen difference and arterial 
oxygen saturation. Carbon dioxide determinations were 
carried out on the van Slyke-Neill manometric apparatus, 
as described by Peters and van Slyke (9). Arterial blood 
pressure was recorded at heart level by the auscultatory 
method at intervals of approximately two minutes, and 
mean pressure calculated from the formula: MP = dia- 
stolic pressure + % pulse pressure. The calculated mean 
pressures checked closely with mean pressures measured 
directly by means of a mercury U-tube manometer. 

pH measurements were made with the Model R Cam- 
bridge pH meter. Blood was drawn into heparin-coated 


to stand for three to six minutes to allow the tempera 
ture to fall from body temperature to the temperature of 
the room before readings were made. Buffers at pH 4.00 
(acid phthalate) and 6.99 (phosphate) were used to 
check the instrument for standardization. The Rosenthal 
factor was used to correct the readings to 38° C. (10) 
Arterial and venous oxygen tensions were estimated from 
the pH and the per cent oxyhemoglobin saturation, using 
the dissociation curves of Dill. The values for oxygen 
tension when oxyhemoglobin saturation was above 90 per 
cent were obtained from a chart of interpolated values, 
using Dill’s figures, since it was impossible to read the 
curves accurately above this point. Carbon dioxide ten- 
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CEREBRAL CIRCULATION IN 


sions were estimated from the nomograms of Peters and 
van Slyke (9). 


RESULTS 


Comparison with normal subjects. A clinical 
summation of the patients is given in Table I, and 
the results of the studies are given in detail in 
Table II. The patients ranged in age from 25 to 
74 years, with an average of 55 years. They were 
compared with a group of 32 normal subjects who 
ranged in age from 38 to 79 years, averaging 56 
years (11). It was felt necessary to compare the 
subjects with others in a similar age group, as 
definite changes in cerebral circulation and metab- 
olism accompany advancing age (11). There was 
no significant alteration in cerebral blood flow, ar- 
terial-cerebral venous O, difference, cerebral O, 
consumption, or cerebral resistance 
(Table IT). 

The blood gas tensions indicate that the chemi- 
cal effects of pulmonary disease in most of these 
patients were not extensive. Only five of the pa- 
tients had values for pCO, of 50 mm. Hg or above ; 


vascular 


90 


Cerebral Blood Fiow (m1, /min, /100 g. brain) 
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however, pCO, determinations were not obtained 
in the three patients with the lowest arterial O, 
saturation and tensions because of technical er- 
ror. Were these figures available, it is possible 
that a much higher mean for pCO, would have 
been obtained, but even so the mean value for cere- 
Arterial 
pH did not differ significantly from the normal, 


bral blood flow is within normal limits. 


and mean per cent arterial oxygen saturation was 


91.3, both indications that this group represents 


relatively mild, or at least well-compensated pul- 
monary disease. 

If the subjects are divided into two groups ac- 
cording to clinical severity of their disease, by 
contrasting those subjects in group I and II with 
those in groups III and IV, there are no significant 
differences observed in cerebral blood flow, cere- 
bral oxygen consumption, and arterial pH between 
the two groups. 
itself partially dependent upon arterial pO, and 
pCO, values, the value for pO, is significantly 
lower and that for pCO, higher in the second 


Since the clinical classification is 





40 45 50 


55 60 


Arterial pCO, (mm. Hg) 


Fic. 1. 
r= 0.63 


CORRELATION BETWEEN ArtTerIAL. PCO, AND CBF 


p< 0.01 
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55 60 


65 70 75 


Arterial pO2 (mm. Hg) 


Fic. 2. 


CORRELATION BETWEEN ARTERIAL PO, AND CBF 


r= 0.03 


group than in the first. When considering all the 
patients together, however, there is an adequate 
correlation between arterial pCO, and cerebral 
blood flow and no correlation between arterial pO, 
and cerebral blood flow (Figures 1 and 2). There 


TABLE Ill 


Effects of mild exercise on cerebral metabolic functions 
(mean values in 12 subjects) 





Before 
exercise 


70.8 
52.8 
17.2 
10.8 
6.48 
53.5 
54.7 
7.38 
45.8 


During 
exercise 


70.4 


58.3 
17.0 


p value 





>0.5 
>0.2 
>0.5 
>0.5 
>0.1 
>0.5 
>0.5 
<0.02* 
>0.2 
>0.5 
>0.2 
>0.5 
>0.05 
>0.5 
<0.01* 
>0.5 


CBF 

Art. O2 content 
Venous O; content 
A-V O; 

Art. CO; content 
Venous CO; content 
Art. pH 

Art. pCO; 

Venous pCO, 

Per cent art. O;¢ sat. 
Per cent venous O; sat. 
Venous pO; 
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MAP 

CVR 
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* Denotes statistically significant change. 


is also no correlation between cerebral blood flow 
and clinical severity of the ventilatory defect as 
expressed by reduction in percentage normal 
maximal breathing capacity. 

Effects of exercise. The effects of exercise on 
the 12 subjects in whom it was studied are sum- 
marized in Table III. The only statistically sig- 
nificant changes were the drop in arterial pH from 
7.38 to 7.34 and the increase in mean arterial pres- 
sure. It is of interest that the only two subjects 
who showed a considerable rise in cerebral blood 
flow during exercise also had a sizable increase in 
pCO, (S. A. and T. K., Table II), although two 
other subjects showed some increase in pCO, 
without accompanying significant elevation of cere- 
bral blood flow. There is no evidence of even 
a trend toward an increase in cerebral blood flow 
or decrease in arterial-cerebral venous O, differ- 
ence during exercise, for the changes were quite 
variable, and only one patient (T. K.) was actu- 
ally responsible for the apparent change in the 
mean values of these functions. Cerebral oxygen 
consumption and cerebral vascular resistance were 
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not altered by exercise, although there was a fairly 
consistent increase in mean arterial pressure. 
There was no consistent change in per cent arterial 
O, saturation or arterial pO,, the only striking re- 
duction in either occurring in T. K. This is fur- 
ther evidence of the relative mildness of this type 
of exercise or the relative lack of severity of pul- 
monary disease in these patients, or both. 

Pulmonary fibrosis. The two patients with pul- 
monary fibrosis showed no differences in cerebral 
metabolic functions from the patients with em- 
physema. 

Intermittent vs. continuous sampling techniques. 
There was no significant difference in any of the 
cerebral metabolic functions in the nine subjects 
studied by the continuous sampling technique as 
compared to the 13 studied by the original inter- 
mittent sampling technique, as seen in Table IV, 
and for that reason both groups were combined 
for final statistical analysis in this study. The 
studies were done by both techniques as a part 
of planned observations to determine the possible 


3.66; 


Cerebral Vascular Resistance (mm. Hg/m!. /100 g. brain/min.) 
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TABLE IV 


Comparison of intermittent and continuous sampling 
techniques (mean values) 
Continuous 
(9 subjects) 
51 
35 
1.89 


Intermittent 
(13 subjects) 


CBF 57 
CMROsz 3.3 
CVR 1.69 


All p values >0.3. 


reason for the differences in mean values in nor- 
mal subjects as reported by Kety and Schmidt (4), 
Scheinberg and Stead (3) and Patterson, Hey- 
man, and Nichols (12). 
jects, at least, there is no significant difference be- 
tween results obtained by the two techniques. 

Electroencephalograms. Electroencephalograms 
performed on eight of the subjects were all within 
normal limits. 


In this group of sub- 


DISCUSSION 


The data reported here cannot be compared 
with the observations on cerebral circulatory func- 
tions in pulmonary emphysema reported by Pat- 
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terson, Heyman, and Duke (2), since most of our 
subjects suffered less pulmonary disability than 
did theirs. In both groups of subjects there was 
adequate correlation between cerebral blood flow 
and pCO,, and cerebral vascular resistance and 
pCO,. In our subjects the p values for these cor- 
relations were < 0.01 and between 0.01 and 0.05, 
respectively (Figures 1 and 3). We found no 
correlation, however, between pO, and cerebral 
blood flow or between per cent arterial O, satura- 
tion and cerebral blood flow (Figures 2 and 4), 
and we are unable to explain this discrepancy. 
Our patients were not studied until the effects of 
the acute illnesses which precipitated admission 
to the hospital had subsided and the patients were 
reasonably stable. Patterson, Heyman, and Duke 
make no statement concerning whether this pre- 
caution was observed in their group. In addition 
five of the nine patients they reported had evidence 
of congestive heart failure due to cor pulmonale. 
Since this type of failure reportedly is accompanied 
frequently by an increased cardiac output (13), 
there is a possibility that the failure itself rather 


than pulmonary emphysema may be responsible 
for the elevated cerebral blood flow in these sub- 
jects. Two of their subjects had low and normal 
cardiac indices (T-1824 dye), however, making 
such an explanation dubious without further in- 
vestigation. 

The correlation between cerebral blood flow and 
pCO, in our subjects confirms previous observa- 
tions on the effects of inspired CO, on cerebral 
circulation (1), and the normal mean value for 
cerebral blood flow obtained in this group is com- 
patible with an essentially normal mean value for 
pCO,. The absence of correlation between cere- 
bral blood flow and arterial pO, is surprising, as is 
the apparent absence of effect of a decreased mean 
value for arterial pO, in the whole group. Pre- 
vious observations (1) have indicated that a de- 
crease in pO, is a fair stimulus for producing 
cerebral vasodilatation in normal subjects; per- 
haps the absence of this phenomenon in the group 
of subjects reported here indicates the development 
of a tolerance and diminished response to the cere- 
bral vasodilating effect of a low oxygen environ- 
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ment if the oxygen deprivation is chronic rather 
than acute. 

Little was learned about the effects of exercise 
in this study, except that patients with only moder- 
ately severe functional pulmonary disability have a 
remarkable tolerance to this type of exercise. 
One might anticipate an increase in cerebral blood 
flow to accompany a rise in arterial pCO, in those 
patients whose limitation of ventilatory capacity 
prevents compensatory hyperventilation, and such 
seemed to be the case in the two subjects who 
showed the most striking chemical responses to 
exercise. It is of interest that the reduction in 
arterial pH during exercise was not associated 
with a change in cerebral blood flow. This is fur- 
ther evidence that alteration in arterial pH per se 
is not the important factor in the regulation of 
cerebral blood flow (14). Since none of our sub- 
jects developed signs of mental confusion during 
this relatively mild exertion, one of the purposes 
of this study, which was to investigate the physio- 
logical basis for the confusion which occurs during 
physical exertion in many such patients, was not 
achieved. 


These studies verify the previously established 
relationship between arterial pCO, and cerebral 
blood flow and demonstrate a relative lack of 
importance of individual changes in arterial pH, 
arterial pO,, and arterial CO, content in the regu- 


lation of cerebral circulation. They also demon- 
strate that cerebral vascular and metabolic func- 
tions in chronic pulmonary diseases are unrelated 
to the severity of the clinical and spirometric dis- 
turbance, but are rather related to alteration in 
gaseous exchange in the lungs, and specifically to 
carbon dioxide retention. 


SUMMARY 


1. Cerebral blood flow, oxygen consumption, 
and vascular resistance were measured in 22 pa- 
tients with chronic pulmonary disease of moderate 
functional severity, and compared with a group of 
normal controls of the same average age. The ef- 
fects of mild exercise were studied in 12 of the 
patients. 

2. There was no significant difference in cere- 
bral blood flow as measured by the intermittent 
sampling technique in 13 of these subjects as 
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compared to the continuous sampling technique 
in the remaining nine subjects. 

3. Mean values for cerebral blood flow, cere- 
bral A-V O, difference, cerebral oxygen consump- 
tion, and cerebral vascular resistance did not 
differ significantly from the normal control sub- 
jects. 

4. The correlation between cerebral blood flow 
and arterial pCO, was good, whereas no correla- 
tion was found between cerebral blood flow and 
arterial pO, or per cent arterial O, saturation. 

5. The effects of exercise on cerebral metabolic 
functions in these patients were variable and 
without a significant trend. A reduction in ar- 
terial pH during exercise did not influence cere- 
bral blood flow. 

6. These studies re-emphasize the important 
relationship between arterial pCO, and cerebral 
blood flow and demonstrate the relative unim- 
portance of the clinical and spirometric severity 
classification on cerebral blood flow in chronic 
pulmonary disease. 


ACKNOWLEDGMENT 


The authors gratefully acknowledge the technical as- 
sistance of Mrs. Janet Fetner. 


REFERENCES 


1. Kety, S. S., and Schmidt, C. F., The effects of al- 
tered arterial tensions of carbon dioxide and oxygen 
on cerebral blood flow and cerebral oxygen con- 
sumption of normal young men. J. Clin. Invest., 
1948, 27, 484. 

. Patterson, J. L., Jr., Heyman, A., and Duke, T. W., 
Cerebral circulation and metabolism in chronic 
pulmonary emphysema. With observations on the 
effects of inhalation of oxygen. Am. J. Med.,. 1952, 
12, 382. 

. Scheinberg, P., and Stead, E. A., Jr., The cerebral 
blood flow in normal male subjects as measured 
by the nitrous oxide technique. Normal values for 
blood flow, oxygen utilization, glucose utilization 
and peripheral resistance, with observations on the 
effect of tilting and anxiety. J. Clin. Invest., 1949, 
28, 1163. 

. Kety, S. S., and Schmidt, C. I°., The nitrous oxide 
methods for the determination of cerebral blood 
flow in man: Theory, procedure and normal values 
J. Clin. Invest., 1948, 27, 476. 

. Gaensler, E. G., Air velocity index. A numerical ex 
pression of the functionally effective portion of 
ventilation. Am. Rev. Tuberc., 1950, 62, i7 





728 P, SCHEINBERG, I. BLACKBURN, M. 

6. Baldwin, E. de F., Cournand, A., and Richards, D. W., 
Jr., Pulmonary insufficiency. I. Physiological 
classification, clinical methods of analysis, stand- 
ard values in normal subjects. Medicine, 1948, 27, 
243. 

7. Baldwin, E. de F., Cournand, A., 
W., Jr., Pulmonary insufficiency. 
122 cases of chronic pulmonary emphysema. 
cine, 1949, 28, 201. 

8. Hickam, J. B., and Frayser, R., A spectrophotometric 
method for determining blood oxygen. J. Biol. 
Chem., 1949, 180, 457. 

9. Peters, J. P., and van Slyke, D. D., Quantitative Clini- 
cal Chemistry, Vol. II, Methods. Williams & 
Wilkins, Baltimore, 1932. 

10. Rosenthal, T. B., The effect of temperature on the 


and Richards, D. 
III. A study of 
Medi- 


SASLAW, M. RICH, AND G. BAUM 
pH of blood and plasma in vitro. J. Biol. Chem., 
1948, 173, 25. 

11. Scheinberg, P., Blackburn, I., Rich, M., and Saslaw, 
M., The effects of aging on cerebral circulation 
and metabolism. In manuscript. 

12. Patterson, J. L., Jr., Heyman, A., and Nichols, F. T., 
Jr., Cerebral blood flow and oxygen consumption 
in neurosyphilis. J. Clin. Invest., 1950, 29, 1327. 


13. Harvey, R. M., Ferrer, I., Richards, D. W., Jr., and 
Cournand, A., Influence of chronic pulmonary dis- 
ease on the heart and circulation. 
1951, 10, 719. 

14. Schieve, J. F., and Wilson, W. P., The changes in 
cerebral vascular tone in experimental metabolic 

J. Clin. Invest., 1952, 31, 


Am. J. Med., 


alkalosis and acidosis. 


659. 





CHANGES IN ACID-BASE BALANCE OF UREMIC PATIENTS 
DURING HEMODIALYSIS' 


By JOHN M. WELLER,? ROY C. SWAN,’ ann JOHN P. MERRILL * 


(From the Department of Medicine, Peter Bent Brigham Hospital and Harvard Medical School, 
Boston, Mass.) 


(Submitted for publication February 20, 1953; accepted April 24, 1953) 


Patients who are acutely or chronically ill with 
the uremic syndrome are clinically improved fol- 
lowing the procedure of external hemodialysis. 
The exact changes responsible for this improve- 
ment are not known. It has been shown that 
dialysis removes retained nitrogenous metabolites 
and returns disordered serum electrolyte con- 
centrations toward normal (1). The purpose of 
this study is to describe more precisely the changes 
in the acid-base balance present in uremic patients 
and their modification during hemodialysis. 


MATERIALS AND METHODS 


Ten patients having renal insufficiency were studied. 
One of these (D. B.) had acute renal failure due to 
paroxysmal myoglobinemia. On the day prior to he- 
modialysis, which was carried out on the ninth day of 
anuria, he was given 10 gms. of sodium bicarbonate in- 
travenously. The other nine patients had chronic renal 
insufficiency. One (H. M.) had chronic glomerulonephri- 
tis; one (M. K.) had nephrosclerosis, and the others had 
chronic pyelonephritis. Four patients had received so- 
dium bicarbonate orally prior to dialysis. Two (M. L. 
and F. M.) had 3 gms. daily for one week; one (FE. C.) 
had 2 gms. daily for five days, and one (B. L.) had 12.5 
gms. daily for three days. 

Hemodialysis was applied to all patients by means of 
a modified Kolff-type artificial kidney (2). The dialysate 
bath in all cases contained per liter of bath 140 mEq. so- 
dium, 4 mEq. potassium, 2.5 mEq. calcium, and 1.0 mEq. 
magnesium. In eight cases the bath chloride was 120 
mEq. per L. and the bicarbonate 27 mEq. per L., while in 
two cases (D. B. and D. G.) the chloride was 112 mEq. 


1 This work was supported (in part) by the Medical 
Research and Development Board, Office of the Surgeon 
General, Department of the Army, Contract No. DA-49- 
007-MD-497, and (in part) by grants from the National 
Heart Institute, U. S. Public Health Service, and the 
American Heart Association. 

2Instructor in Medicine, Harvard Medical School; 
Junior Associate in Medicine, Peter Bent Brigham Hos- 
pital. 

8 Life Insurance Medical Research Fellow. 

‘Established Investigator, American Heart Associa- 
tion, Associate in Medicine, Harvard Medical School and 
Peter Bent Brigham Hospital. 


per L. and the bicarbonate 35 mEq. per L. The bath 
was maintained at approximately pH 7.4 by equilibration 
with a 5 or 10 per cent carbon dioxide zas phase. The 
duration of dialysis was six hours in each case except one 
(E. G.) in which it was four hours. The bath was com 
pletely changed every two hours. Arterial samples of 
plasma, serum, or whole blood collected anaerobically 
were analyzed for serum pH by the method of Hastings 
and Sendroy (3) ; total CO, content, Van Slyke and Neill 
(4) ; blood urea nitrogen, Archibald (5); serum sodium 
and potassium with a Barclay flame photometer using 
lithium as an internal standard; serum chloride, Schales 
and Schales (6) ; serum phosphorus, Fiske and Subbarow 
(7); and serum calcium, Clark and Collip (8). 


RESULTS 


The determined values of the percentage of 
packed red cells, Het., the serum pH, pH, and 
the serum total CO, content, (CO,),, are shown 
in Table I. Also given in Table I are the de 
termined values of the blood urea nitrogen and 
the serum electrolytes including the serum total 


inorganic phosphorus in those cases in which it 


was analyzed. These values are shown for both 
the onset of dialysis (O hour) and the end of dialy- 
sis (6 hours). 

Calculated values of the components which de- 
lineate the acid-base balance are shown in Table 
II. The buffer base of the whole blood, (By*)», 
and the arterial (or alveoiar) carbon dioxide pres- 
sure, Pco,, have been derived from the nomogram 
of Singer and Hastings (9). Their definitions of 
terms are used in this presentation. The buffer 
base is the calculated concentration of base equiva- 
lent to the sum of the concentrations of the buffer 
anions. The principal buffer anions are protein 
(both the hemoglobin of the red cells and the 
plasma proteins) and bicarbonate. In addition 
to these anions, a portion of the phosphate is like- 
wise effective as a buffer. The buffer base is also 
equal to the difference between the sum of the cat- 
ions (total base) and the sum of the non-buffer 
anions (chloride and other “fixed acids’). The 
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TABLE I 


Determined values at the viaitind and end ~ nc coh 


(CO2)» 
mM/L. 


pH. 


unils mE 


6 
bre 


7.48 
7.38 
7.34 
7.37 
7.42 
7.53 
7.32 
7.70 
7.42 
7.26 


0 
hr. 


15.8 
12.8 
23.4 
17.6 
12.9 
12.8 
16.5 
9.4 
9. 
4. 


6 
hrs. 


0 
hr. 


20.8 127 
19.4 124 
25.2 152 
24.0 135 
21.4 129 
23.3 119 
18.5 129 
22.9 123 
20.3 133 

8.9 133 


Fe 


we we ND Www - 


Patient 


B.L. 
E.G. 
M. L. 
F. M. 
E. C. 

M. K. 
D. B. 
D.G. 
C. M. 
H. M. 


} 
| 


NINN 


CNW NNHNHN | 


9 
5 


(Na*)s 
2q./L. 





BUN 
mg./100 ml. 


(K*)s 
mEq./L. 


(Cl>)e Inorg. P, 
mEq./L. mM/L 
6 
hrs. 


6 
hrs. 


6 
hrs 


0 
hr. 


0 
hr. 


92 116 
92 99 
132 
120 
107 
94 
97 
107 
415 


0 


144 
130 
164 
135 
140 
135 
145 
140 
143 
141 


- 
> 


MAMA WD 
RWOKPAWWOWASC | 
ne te en 


mm OoROeR Ow 





°4 “welt values instead of 6 hour. 


total base concentration and the non-buffer anion 
concentration are not directly altered by changes 
in respiration but are directly altered by changes 
in renal or gastro-intestinal excretion. These non- 
respiratory changes are termed “metabolic” by 
Singer and Hastings. A primary metabolic dis- 
turbance producing either a decrease in total base 
concentration or an increase in non-buffer anion 
concentration results in a decrease in the buffer 
base concentration. This is termed a primary 
metabolic acidosis. 

The carbon dioxide pressure of the arterial 
blood, Pco,, is in equilibrium with the alveolar 
carbon dioxide pressure. This may be rapidly al- 
tered by changes in pulmonary ventilation. A 
primary change in pulmonary ventilation which de- 
creases the Poo, is termed a primary respiratory 
alkalosis, while an increase in Peo, is a respiratory 
acidosis. 

A primary change in either the buffer base or 


the carbon dioxide pressure is usually accompanied 
by a secondary change in the other variable. 
These secondary or “compensatory” changes are 
in the direction which minimizes the deviation of 
the serum pH. The selection of the primary 
change when mixed disturbances are present is 
based upon evaluation of the clinical situation. 
Also given in Table II are the calculated concen- 
trations of both the buffer and non-buffer serum 
anions, The serum bicarbonate ion concentration, 
(HCO,-),, and the serum protein ion concentra- 
tion, (Prot~),, have been derived from the nomo- 
gram of Singer and Hastings; the former directly, 
while the latter is the difference between the serum 
buffer base concentration, which is obtained di- 
rectly from the nomogram, and the serum bicar- 
bonate ion concentration. That fraction of the 
serum phosphate which is available as a buffer 
anion, (HPO,-),, has been calculated from the 
determined total phosphate using the correspond- 


TABLE II 
Derived values at the beginning and end of hemodialysis 








(Ba*t)b 
mkq./L. 


PCO: 


(HCOa)s 
mm. He g 


mEq./L. 


0 
hr. 


6 6 
hrs. 


27. % 
31.5 
45.1 
39.8 
32.3 
27.3 
34.6 
18.4 
30.8 
18.6 


Patient 


35. 2 42. 0 
34.3 40.8 
40.0 44.0 
35.5 43.5 
29.8 41.8 
31.8 44.3 
34.8 39.2 
30.3 47.9 
22.1 39.7 
18.7 28.0 


18.3 
23.8 
22.8 
20.4 
22.5 
17.4 
22.3 


D. B. 
D. G. 
Cc. M. 
H. M. 


17.8 8.3 


(B*)s 
mEq./L. 


(Prot~ }e 
mE, 2q./ 


0 6 
hr. hrs. 


16.8 “18. 2 
16.8 17.5 
16.1 17.0 
16.1 17.2 
15.7 17.9 
16.8 18.8 
16.0 16.9 
16.9 20.3 
13.5 18.0 
14.2 16.0 


(HPO«)s 
Eq./L. 


0 
hr. 


131 
131 
157 
139 
134 
126 
135 
128 
138 
140 


6 
hrs. 


148 
135 
169 
139 
144 
140 
149 
144 
147 











* 4 hour values instead of_6 have. 


t (HPO,7), included in calculation. 
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ing determined serum pH. This fraction of the 
serum phosphate anion, the serum protein anion, 
and the serum bicarbonate anion together con- 
stitute the serum buffer anions. 

The total serum base concentration is equal to 
the sum of the concentrations of the serum cations. 


Sodium is the principal serum cation. The cal- 
culated total serum base, (B*),, given in Table II, 
is the sum of only the sodium and potassium. Cal- 
cium and magnesium are not included. The se- 
rum calcium was determined at both 0 and 6 hours 
in four cases with the following results: M. L., 3.2 
to 5.0; M. K., 3.9 to 4.1; D. B., 2.5 to 3.0, and 
D. G., 2.7 to 3.6 mEq. per L. The concentration 
of total serum non-buffer anions, or “fixed acids,” 
(A~),, is calculated by subtracting from the total 
serum base the sum of the serum buffer anions. 
Chloride constitutes the major portion of the non- 
buffer serum anions. The phosphate fraction of 
the serum buffer anions has been omitted from 
this calculation in those cases in which it was not 
determined at both 0 and 6 hours. 


Acid-base balance prior to dialysis 


All patients except one (D. G.) were “acidotic” 
(pH, lower than 7.35) prior to the commencement 
of hemodialysis. 
marked lowering of the serum pH to below 7.0. 
All cases had a concentration of whole blood buffer 
base prior to dialysis which was below the lower 
limit of normal (45 mEq. per L.). Their acidosis 
was, therefore, of the metabolic type, and because 


In two patients there was a 


all patients had renal insufficiency, this metabolic 
acidosis is considered to be the primary disturbance 
in the acid-base balance. The decreased whole 
blood buffer base concentration was due to a 
diminution in both the protein and the bicarbonate 
anion fractions. A decreased hemoglobin concen- 
tration present in all but two patients (E. G. and 
D. B.), as evidenced by the lowered hematocrits, 
accounted for the major portion of the decrease 
in the protein fraction. The absence of anemia in 
these two patients was correlated with the shorter 
duration of their uremia. The serum protein frac- 
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tion of the buffer base was only slightly decreased. 
The lowered whole blood buffer base concentra- 
tion prior to dialysis was also due to a decrease in 
the bicarbonate ion concentration as evidenced by 
the diminished concentration of serum bicarbon- 
ate. In all cases the serum bicarbonate was below 
the lower limit of normal (23 mEq. per L.). In 
contrast to the decrease in the concentration of the 
serum bicarbonate and protein anions there was 
an increase in the concentration of the buffer frac- 
tion of the serum phosphate anions due to renal 
retention of phosphate. This increase was not as 
great in magnitude as was the decrease in the prin- 
cipal buffer anions. 

The decreased serum buffer base concentration 
may be the resultant of either a decrease in total 
serum base or an increase in the serum non-buffer 
anions. Eight patients had a concentration of 
total base below 140 mEq. per | 
This decreased serum base was due to a diminished 
concentration of serum sodium. Only three pa- 
tients prior to dialysis showed a significant in- 


.. prior to dialysis. 


crease (over 115 mEq. per L.) in the concentra- 
Ss (chloride and other 


tion of serum “fixed acids” 
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non-buffer anions). Of the seven patients not 
having a “fixed acid” excess only one (E. C.) had 
a normal serum chloride concentration. The 
others had some degree of hypochloremia. The 
decrease in the serum chloride concentration of 
these patients offset the increase in the concen- 
tration of other “fixed acid” anions so that the 
total concentration of non-buffer anions was not 
increased. Of the three patients having a “fixed 
acid” excess, two (M. L. and C. M.) had normal 
serum chloride concentrations while the third 
(H. M.) had hypochloremia. 

The primary metabolic acidosis present in these 
ten patients having renal insufficiency was, there- 
fore, due to a decrease in buffer base concentra- 
tion. This was associated with a total serum base 
deficit in eight patients while a “fixed acid” excess 
was present in only three. 

Prior to dialysis, the arterial carbon dioxide 
pressure (Pco,) was normal (between 35 and 48 
mm. Hg) in four cases, slightly elevated in one 
and reduced in five. The lowered CO, pressures 
in these five cases are considered to be secondary 
respiratory deviations (secondary respiratory 
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alkalosis). 


These five patients, therefore, had a 
mixed disturbance of the acid-base balance, pri- 
mary metabolic acidosis with secondary respira- 
tory alkalosis. 


Changes in acid-base balance during dialysis 


It can be seen in Table II that in all instances 
dialysis resulted in an increase in the whole blood 
buffer base concentration. This change was not 
due to an increase in the concentration of the 
hemoglobin anion fraction of the whole blood 
buffer base as only one patient (H. M.) showed 
a significant increase in hematocrit. A small in- 
crease in the base equivalents of the protein anions 
present did occur in association with the increase 
in pH. The major increase in the whole blood 
buffer base was accounted for by the increase in 
the bicarbonate ion fraction. In Figure 1 are 
shown the changes during the course of dialysis 
of the sum of the concentrations of the principal 
buffer anions of the serum (bicarbonate and pro- 
tein). The serum phosphate fraction has not been 


included. As the serum protein anion fraction 
showed only a small change during dialysis, this 
increase in the serum buffer base was primarily 
due to an increase in the serum bicarbonate frac- 
tion. The rate of change of the serum buffer base 
is greater during the initial phase of dialysis. 
The increase in the serum buffer base concentra- 
tion was associated with an increase in the serum 
total base concentration in all but one case. The 
increase in the serum total base was due primarily 
In addition 
there was an increase in the concentration of the 
chloride fraction of the “fixed acids” in all in- 


to an increase in the serum sodium. 


stances, but at the same time, this increase was in 
part offset by a decrease in the concentration of 
other non-buffer anions. 
sulted in alleviation of the metabolic acidosis by 
increasing the whole blood buffer base, primarily 
by increasing the bicarbonate anion concentration. 


Dialysis, therefore, re- 


Dialysis also moderated both the serum total base 
deficit and the hypochloremia and decreased the 
serum concentration of other “fixed acids.” 
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This prompt correction of the metabolic acido- 
sis occurs without any consistent change in the 
respiratory component of the acid-base balance. 
The Pco, showed little change during dialysis 
(Figure 2). The patients that had a secondary 
respiratory alkalosis (low Pco,) at the onset of 
dialysis had persistence of this low arterial Pco, 
throughout the course of dialysis. As the primary 
metabolic acidosis was alleviated by dialysis, this 
persistence of the lowered Pco, resulted in three 
cases (B. L., M. K., and D. G.) in actual alkalosis 
(pH, above 7.46) at the end of dialysis. Figure 
3 shows the development of this alkalosis during 
dialysis in one of these patients (M. K.) and also 
shows the changes with time of the other deter- 
mined and calculated values which describe the 
acid-base disturbance. 


DISCUSSION 


These ten patients with renal insufficiency were 
all seriously ill and were considered to be in the 
terminal phase of their disease at the time of 
dialysis. Indeed, all nine of the patients with 


chronic renal insufficiency subsequently succumbed. 
The one patient (D. B.) with acute renal insuffi- 


ciency recovered. However, all of the patients 
except one (H. M.) showed a good clinical re- 
sponse to dialysis and survived for many weeks. 
The one patient who did not respond was mori- 
bund at the time of dialysis and died shortly after 
the termination of the procedure. 

All of the patients dialyzed had a metabolic 
acidosis (decreased whole blood buffer base con- 
centration). This was due to a decrease in both 
the protein (primarily hemoglobin) and bicarbon- 
ate fractions of the buffer base. Dialysis caused 
a slight increase in the protein fraction and a much 
larger increase in the bicarbonate fraction. Con- 
servative treatment utilizing both whole blood or 
red cell transfusions and sodium bicarbonate or 
lactate will result in an increase in both fractions 
of the buffer base (10). Only one (H. M.)of the 
patients in this study received blood during dialy- 
sis. However, the use of the artificial kidney does 
not preclude the administration of blood either 
during the procedure or independently. Restora- 
tion of buffer base, therefore, occurs during both 
dialysis and conservative therapy. 

All patients showed a decrease in total serum 
base concentration which was moderated by dialy- 
sis. Conservative therapy also alleviates total base 
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deficit. ‘Fixed acid” excess was present in only 
three of the ten patients. However, of the seven 
patients having no increase in the total serum non- 
buffer anion concentration, six had hypochloremia 
which offset the increase in the non-chloride 
“fixed acids.” Hemodialysis results in correction 
of the hypochloremia and reduction of non-chloride 
“fixed acids.” Conservative treatment on the other 
hand usually results in further hypochloremia and 
does not reduce significantly the level of other 
“fixed acids.” 

The development of respiratory alkalosis in 
three patients during correction of the metabolic 
acidosis by dialysis is similar to that resulting 
from conservative therapy, utilizing sodium lac- 
tate, as reported by Yeomans and Stueck (Case 
1) (10). The production of respiratory alkalosis 
by alkali therapy of metabolic acidosis is not con- 
fined to the treatment of renal acidosis but has been 
noted previously during the treatment of diabetic 
acidosis. This substitution of a primary respira- 
tory alkalosis for a primary metabolic acidosis has 
been elaborated on by Singer and Hastings (9). 
Wallace has also discussed this lag in respiratory 
adjustment during base administration and has 
pointed out that there is independence of the acid- 
base balance of intra- and extracellular fluids and 
that rapid alkali therapy has a minimal effect on 
intracellular pH (11). The rapidity of change of 
the serum bicarbonate concentration during dialy- 
sis suggests that the extracellular fluid rather than 
total body water is equilibrating with the dialysate 
bath. This is in accord with the observation of 
Rosenbaum that intravenous bicarbonate appeared 
to be limited in its distribution to the extracellular 
fluid (12). Wallace and Hastings (13) also found 
that the bicarbonate concentrations in muscle cells 
is not changed by elevation of the serum bicar- 
bonate if the Poo, is unchanged. It would appear 
that during dialysis, although there is a prompt 
change in the extracellular bicarbonate concentra- 
tion and pH, there is little change in the intracel- 
lular bicarbonate and pH, with the result that 
there is little change in the metabolism within the 
respiratory center and, therefore, no stimulus for 
alternation of the respiratory exchange and Pco,. 
A secondary respiratory alkalosis which is present 
at the onset of dialysis can by this means persist 
and be the sole disturbance of the acid-base bal- 
ance at the end of dialysis when the primary 
metabolic acidosis has been corrected. 
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The rapidity of the onset of clinical improve- 
ment following dialysis varies according to the 
disease state present. The removal by dialysis of 
a toxic ion such as bromide results in clinical im- 
provement within a few hours (14). The bromide 
ion is present primarily in the extracellular fluid 
and can be readily removed by dialysis, Patients 
having the uremic syndrome, however, do not 
show such a prompt clinical response. Those with 
acute renal insufficiency usually improve clinically 
within 24 hours, while those with chronic renal 
insufficiency may not improve for 48 or 72 hours. 
It would seem doubtful in these cases of chronic 
renal insufficiency that the efficacy of hemodialysis 
is directly due to the removal of a toxic metabolite 
which has accumulated primarily in the extra- 
cellular fluid or which is easily diffusible between 
the intracellular and extracellular fluids. Likewise, 
the delayed clinical improvement cannot be di- 
rectly correlated with the correction of the lowered 
pH, decreased buffer base, hypochloremia, or 
“fixed acid” excess. All of these change rapidly 
during dialysis. However, it is possible that a 
delay in the readjustment of the intracellular pH 
and celluiar metabolism may explain the delay fol- 


lowing dialysis before clinical improvement is 
shown by chronically ill, severely uremic patients. 


SUMMARY 


The changes in the acid-base balance during 
hemodialysis have been studied in ten uremic pa- 
tients. Nine of the patients were acidotic with a 
lowered serum pH. All ten patients had a pri- 
mary metabolic acidosis with a diminished whole 
blood buffer base concentration due to a decreased 
concentration of both the protein and bicarbonate 
anions. Eight patients had a diminished total se- 
rum base concentration, and three had “fixed acid” 
excess. Five patients had a secondary respiratory 
alkalosis. 

Hemodialysis alleviated the acidosis; increased 
the buffer base concentration, primarily by in- 
creasing the bicarbonate fraction; increased the 
total serum base concentration, and removed non- 
chloride “fixed acids,” but at the same time, cor- 
rected hypochloremia. The respiratory alkalosis, 
when present, persisted unchanged throughout 
dialysis. 
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The relationships between these changes in the 
acid-base balance and clinical improvement fol- 
lowing hemodialysis have been discussed. 
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When environmental temperatures are high, 
80 to 90 per cent of the total water, sodium, and 
chloride, and 25 to 50 per cent of the losses of 
potassium, calcium, magnesium, and nitrogen may 
occur in the sweat (1, 2). 
these losses may lead to serious errors in balance 
studies. Although dermal water loss can be quite 
accurately measured in both acute and prolonged 
studies, this is not true of sweat electrolytes and 
nitrogen. Even in metabolic balance studies where 


Failure to measure 


the subject’s daily activities are rigidly controlled, 


the accurate collection of all body sweat solutes by 
repeated body washings presents obvious difficul- 
ties. Conn and Louis (3) and Johnson, Pitts, and 
Consolazio (4) have assumed that the dermal losses 
are equal to the intake—(urine plus fecal losses). 


This method, however, disregards any daily posi- 
tive or negative balances of these substances 
which may occur. The simplest method involves 
the collection of a local sweat sample, measure- 
ment of the solute concentration, and determination 
of the total solute content from the concentration 
and the total sweat loss. This method assumes 
that the local sample is representative of the total 
body sweat and that the technique of collection 
does not alter the true solute concentrations. Pre- 
vious investigations (5, 6, 7,8) and data from this 
Laboratory (7) indicate that neither of these as- 
sumptions is correct. In general, previous studies 
(5, 6, 7, 8, 9) indicate that the chloride, nitrogen, 
and lactic acid concentrations of arm sweat col- 
lected under an impermeable barrier, are higher 
than the concentrations of these solutes in total 
body sweat. Mickelsen and Keys (6) have shown 
that the concentrations of chloride ion, urea, and 


1 Presented in part at the fall meeting of the American 
Physiological Society in New Orleans, September, 1952. 
2Present address: Department of Internal Medicine, 
Yale University School of Medicine, New Haven, Conn. 
81st Lieutenant, Medical Corps. 


lactic acid are different in sweat samples coliected 
under identical conditions from different body 
areas. They also noted that the concentration of 
chloride ion in hand sweat collected in a rubber 
glove is 38 to 72 per cent higher than the mean 
concentration of chloride ion in sweat collected 
from the entire body by repeated washings. 

In contrast, Ladell (5) found surprisingly good 
agreement between the loss of chloride in sweat 
calculated from arm bag concentrations and sweat 
rate and the value obtained from total body wash- 
ings. 

In view of the conflicting results of previous in- 
vestigators, the present study was undertaken to 
reevaluate the effect of an impermeable barrier, 
such as a plastic arm bag on the sodium, potassium, 
chloride, and total nitrogen concentrations of 
thermal sweat and to determine whether the con- 
centration of solutes in arm bag sweat could be 
used to calculate total dermal electrolyte and 
nitrogen losses. 


METHODS 


Twenty-seven experiments were performed on 17 men. 
Although the precise state of acclimatization to heat was 
not known in these subjects, one group of experiments 
was performed during the fall (Group A) and the other 
(Group B) during the summer. Each experiment con- 
sisted of a one- to two-hour exposure at 120° F. with a 
relative humidity of 28 to 30 per cent. In an effort to 
prevent the loss of any body sweat by means other than 
evaporation, the men were clothed in light cotton pa- 
jama-type drawers, the lower end being tucked into long 
woolen socks, covered over with polyethylene foot bags 
inside of combat boots. Large cotton bath towels, folded 
in strip fashion, were tied around the chest and the unin- 
closed upper arm. Each subject carried an additional 
towel in his hand for wiping off his face and neck. In 
all subjects, sweat was collected during the entire heat 
exposure from one arm in polyethylene bags which were 
sealed at the level of the insertion of the deltoid muscle. 
During the period of sweat collection, the subject al- 
ternated periods of walking on a horizontal motor- 
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driven treadmill at four mph with rest. The alternate 
periods were fifteen to twenty minutes in duration. 

The experiments were divided into two groups. In 
Group A (twelve experiments), the subjects were ex- 
posed in the nude to the heat for a 15- to 30-minute pe- 
riod to initiate sweating and “flush” the lumens of the 
sweat glands and the surface of the skin. Following this 
brief heat exposure each subject showered. After this 
he was rinsed with three to five liters of distilled water, 
dried, weighed to + 10 grams and reentered the heat, ap- 
propriately dressed, with the polyethylene bag on one 
arm. In Group B (15 experiments), no preliminary ex- 
posure to heat was employed. In this group, therefore, 
sweat collections were begun without prior “flushing” of 
sweat gland lumens. The remainder of the procedure 
was similar to that employed for Group A. 

The arm bag was removed at the end of the exposure 
to heat in all 27 experiments. The sweat was mixed 
thoroughly in the bag by shaking, filtered into polyethyl- 
ene bottles, and the volume measured. The soiutes of 
the total body sweat were recovered by washing each 
man as he stood or kneeled in a large porcelain bathtub 
with 15 to 20 liters of distilled or tap water.4 The sub- 
jects were then dried and reweighed. The plastic bag, 
all towels, and clothing utilized to collect sweat during 
the heat exposure were added to the wash water in which 
they were thoroughly rinsed. 

The final volume of the wash water was determined by 
adding 500 mgm. of antipyrine and calculating the vol- 
ume from the dilution of antipyrine. Electrolyte and ni- 
trogen concentrations were determined in the arm bag 
sweat and in the final wash water. Sodium and potas- 
sium were determined on a Beckman flame photometer, 
correction being made in the standards for mutual excita- 


4 The tap water was analyzed for its content of sodium, 
chloride, potassium, and nitrogen. 
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tion of sodium and potassium. Chloride was determined 
by the Schales and Schales method (10), or a modification 
of the Volhard silver nitrate procedure (11), and total 
nitrogen by the Conway microdiffusion method (12). 


Method of calculation 


a) Sweat loss (Kg.) = Weight — Respiratory H,O 
loss.5 

b) Arm bag content of each solute = Volume of sweat 
collected in the arm bag X concentration of the in- 
dividual solute in arm bag sweat. 

c) Calculated solute loss = Sweat (Kg.) X con- 
centration of the individual solute in arm bag sweat. 

d) Solute recovered from the total body = (Volume 
of wash water X concentration of the solute in the 
wash water) +Arm bag content of 
(b). 

e) Concentration of the measured solute in total body 
sweat = Solute recovered (d)/Sweat loss Kg. (a). 


loss 


each solute 


RESULTS 


The results are summarized in Tables I and IT. 
Sweat rate. No significant correlations were 
noted between sweat rate and the arm or total body 
concentrations of the various solutes studied. Pre- 
vious investigators (4, 7. 13, 14, 15), however, 
have demonstrated close correlations between sweat 


5 Respiratory water loss was calculated by determining 
the ventilation rate of the subjects while walking on the 
treadmill and at rest; the rates were corrected to body 
temperature and the expired air was assumed to be satu- 
rated with water vapor at 37° C. This assumption in- 
troduces a small error since expired air need not be 
saturated. 


TABLE I 


Nat (2)* 


No. Sweat rate 


Nat (1)* 
mEq./L. 
65.9 
103.2 
114.0 
115.4 
72.8 
45.4 
36.1 
29.4 
61.0 
73.5 
61.6 
94.7 


72.7 
+28.9 


cc. /hr. 
1.275 
752 
554 
917 
536 
1,235 
1,168 
873 
1,204 
1,316 
2,036 
822 


51,2 
75.0 
72.8 
11560 
56.7 
45.2 
40.5 
32.3 
52.9 
63.8 
51.2 
86.9 


58.8 
+16.5 


ONAN WHR 


Mean 
S.D. 
Significance of 


differences P < .01 





* (1) = Concentration of a given solute in arm bag sweat. 


Kt (1) 
mEq./L. mEq./L. mEq /L. mEq./L. 


Comparison of sweat concentrations from arm and total body (Group A) 


K* (2) crt Cl- (2) N (1) N (2) 


sy % mem, 
28.3 
35.0 


mEq./L 
43.2 
65.3 
59.5 
68.5 
49.4 
37.0 
30.0 
22.0 
44.9 
54.9 
41.9 
70.1 


48.9 
+15.3 


4.6 
9.0 


w 
— 


wm OOOO Me O> 


58.3 
86.3 
92.5 
101.6 
64.9 
39.1 
29.9 
24.6 
51.9 
63.7 
33.7 
81.8 


31.5 
41.1 
39.9 
31.1 
37.1 
ate 


62.4 
+24.5 


PF RGN ERAS: 


He 
on 


P< 301 


P < .001 


P < .01 


(2) = Concentration of a given solute in sweat recovered from the entire body. 
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TABLE II 


Comparison of sweat concentrations from arm and total body (Group B) 











Na* (1)* 
mEq./L. 
72.2 
81.6 
29.4 
59.0 
72.4 
59.0 
74.8 
94.6 
42.4 
68.0 
60.5 
58.9 
32.9 
19.0 
49.2 


Na* (2)* 


iz | 


Sweat rate 


ce. /hr 
1,058 
912 
914 
1,315 
1,249 
978 
913 
1,225 
1,220 
850 
1,094 
1,192 
522 
494 
549 


mEq/L. 

54.8 
60.0 
21.4 
34.3 
52.4 
49.4 
44.9 
49.5 
33.5 
42.3 
42.1 
43.6 
21.1 
13.8 
37.9 


= 
Seay AnNSwnr~— 


— oo et 
ne wr 


58.6 
+-20.7 


40.1 
+13.3 


Mean 
S.D. 
Significance of 


differences P < .001 


* See footnote, Table I. 


rates and sodium and chloride concentrations in 
any given individual under different states of ac- 
climatization and at different environmental tem- 
peratures. In the present study similar correlations 
might have been noted if sweat rates had been cor- 


SODIUM 


- mEq/l 


GROUP A 


ARM BAG CONCENTRATION 
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K* (1) 
mEq./L. 


— me 
AWNINGS ONMANN SANS 
CNR ONWHOKP OK OWS 


he 
uw 
oe 


T B.C.* 20 289+ 0 52959(ARM CONC): 6.113 
30 


N (1) 





Ci~ (1) 
mE¢./L 
70.1 
79.6 
25.0 
54.4 
70.3 
56.9 
69.8 
88.1 
41.4 
67.9 
62.4 
60.7 
24.6 
12.3 
41.7 


K* (2) 


mEq./L.. 


mem. % 


65.4 
63.2 
49.0 
38.9 
49.3 
43.5 
115.8 


55.5 
57.6 
29.4 
48.0 
74.0 
81.3 
53.8 


8.7 


> 
w 


WROD Sm OWOARONN Bi 


18.1 
12.9 
33.2 


PRONE OR RANA 


58.9 
+21.3 


55.0 
+23.4 


P < .001 


44.6 
+15.5 


P < .001 


rected for surface area, and if each subject had 
been compared with himself at different environ- 
mental temperatures and different sweat rates. 

Sodium and chloride. The mean sodium concen- 
tration of arm bag sweat was 72.7 mEq. per L. for 
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CHLORIDE ION 


ARM CONC (10! 6-0 


GROUP A 


ARM BAG CONCENTRATION - mEq /i 








T T T 
40 $0 60 
TOTAL BGOY CONCENTRATION - mEq” 


Fic. 


Group A and 58.6 mEq. per L. for Group B. The 
mean sodium concentration of total body sweat 
was 58.8 mEq. per L. for Group A and 40.1 mEq. 


per L. for Group B. The differences (between 
Groups A and B) in total body and arm bag 
sweat concentrations might have resulted in part 
from the difference in the preliminary “flush- 
ing” procedure, as well as the element of heat 
acclimatization. Group B experiments were per- 
formed during the summer, and Group A ex- 
periments were performed during the late fall (16). 
In both groups the mean total body concentration 
was appreciably lower than the arm bag concen- 
tration. These differences were highly significant. 
In general, the chloride concentrations of the 
sweat in both groups followed a pattern similar to 
that observed for sodium. However, it should be 
noted (Tables I and II) that the sodium concen- 
tration of arm bag sweat exceeded the chloride 
concentration in every instance, but the chloride 
concentration of total body sweat exceeded the 
sodium concentration of total body sweat in twelve 
of the 27 experiments. From the data of Tables 


REGRESSION LINE 


GROUP 8B 


-~mEq fi 


ARM BAG CONCENTRATION 








t om 4 LJ , 
30 40 50 60 
TOTAL BOOY CONCENTRATION -mfq/i 


I and II it appeared that the lower the arm bag 
sweat concentrations of sodium and chloride the 
closer was the agreement with total body concen- 
trations. Therefore, regression equations were 
formulated relating the concentrations of sodium 
and chloride in total body sweat to those in arm 
bag sweat (Figures 1 and 2). These equations 
and lines validated the above observations. There 
appeared to be very little difference between 
Groups A and B with respect to the chloride slope ; 
however, the slope obtained for sodium in Group 
A demonstrated closer agreement than Group B 
between the calculated and actual recovery of 
sodium. 

Potassium. The mean potassium concentration 
in arm bag sweat for Groups A and B was 6.93 
mEq. per L. and 8.77 mEq. per L., respectively, 
whereas the mean concentration in total body 
sweat for these groups was 4.71 mEq. per L. and 
5.08 mEq. per L., respectively. Again these dif- 
ferences between total body and arm bag concen- 
trations were highly significant. It was noted in 
both groups (Tables I and IT) that the potassium 
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concentration in arm bag sweat in many cases 
greatly exceeded normal plasma potassium levels, 
whereas in only four instances was the concentra- 
tion in totai body sweat as high as 6 mEq. per L. 
The remainder (82 per cent) were all in the nor- 
mal plasma range. 

The mean difference between total body and arm 
bag sweat concentrations for Group A was ap- 
preciably smaller than the mean difference in 
Group B. In contrast to the findings on sodium 
and chloride, there was no apparent improved 
agreement between arm and body sweat concen- 
trations of potassium with lower arm bag values 
(Figure 3). In general, regardless of the varia- 
tion in arm bag concentrations, the total body con- 
centrations fell within a narrow range. Group A 
differed from Group B not only in having a smaller 
average difference between arm and total body 
sweat concentration, but also in showing a smaller 
spread of arm bag values (Figure 3). 


Nitrogen. The concentrations of nitrogen in 
arm bag and total body sweat followed a pattern 
very similar to that previously described for po- 
tassium. They did not demonstrate the arm-body 
correlations shown by sodium and chloride (Fig- 
ure 4) and the differences between Groups A and 
B noted for potassium were also noted for nitro- 
gen (Tables I and II and Figure 4). 

DISCUSSION 

The two main factors which may have given 
rise to the differences in the concentrations of 
solute in arm and total body sweat were (1) er- 
rors in technique and (2) unknown and/or un- 
controllable physiologic variables. In recovering 
solutes from total body sweat, loss of liquid sweat 
from the skin surface during the exposure to heat, 
and incomplete washing constitute major sources 
of error. The former was minimized in the pres- 
ent study by the use of a low relative humidity 
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This subject with the highest arm bag potassium concentration in Group A had a surprisingly low arm 
sweat volume. This made thorough mixing of his arm bag sweat difficult. 
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which enhanced evaporation and by the use of 
towels and underwear to soak up the sweat. In 
this study 15 to 20 liters of water were used in 
washing each man. This was considerably more 
water than has been used in previous studies of this 
type (5, 7, 8, 15) in which complete recovery of 
all sweat solute on the body surface has been dem- 
onstrated. Errors in determining the volume of 
wash water were minimized by measuring the dilu- 
tion of known amounts of antipyrine added to the 
wash water. Errors in solute concentration in 
arm bag sweat could occur if, (1) the sweat col- 
lected in the dependent part of the bag was not 
thoroughly mixed with the water vapor which had 
condensed along the walls of the plastic bag, and 
(2) if this condensed water vapor did not mix with 
the more concentrated sweat on the skin surface. 
These errors were minimized by thorough mixing 
of the sweat in the bag after it was removed from 
the arm and by constant movement of the arm in 
contact with the inner surface of the bag while the 
subjects walked the treadmill. In calculating sen- 
sible sweat losses by difference in weight, correc- 


tion should be made for other avenues of weight 
change. Since no fluids were taken by mouth and 
no urine or feces were passed between weighings, 
no correction was necessary for these sources of 
weight change. Insensible water loss ® was a nec- 
essary correction. Calculated respiratory water 
loss averaged about 70 grams per hour in this 
study, and at the high sweat rates noted, even large 
percentage errors in respiratory water loss would 
have altered the calculated sweat losses very little. 
Insensible water loss through the skin theoretically 
stops when the skin surface is covered with mois- 
ture (16). However, the low humidity present 
in this study is conducive to rapid evaporative 
losses, leading to concentration of the sweat solute 
on the skin surface. This may have enhanced os- 
motic water loss through the skin. This loss can- 
not be quantitated, but probably represents negligi- 
ble volume. 
The concentrations of the solutes in total body 
sweat determined in this study were in the ranges 


6 Insensible water loss is defined as a dermal or pul- 
monary loss of water vapor without solute. 
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noted by numerous other investigators who col- 
lected sweat solutes in a similar manner (5, 6, 8, 
17, 18, 19, 20, 21). Inspection of the data em- 
phasizes the large dermal losses of electrolytes and 
nitrogen that may occur during high rates of 
sweating. Metabolic balance studies conducted 
in this Laboratory (2) during which subjects were 
exposed to high temperatures for 24-hour periods 
have demonstrated maximal sweat losses of sodium 
and chloride of 400 mEq., potassium 60 mEq., and 
nitrogen 5 grams per 24 hours. Under conditions 
similar to those of the present study the large er- 
rors involved in utilizing arm bag sweat concen- 
trations of sodium, chloride, potassium, and _ni- 
trogen in determining total body sweat losses and 
metabolic balances are readily apparent. 

Because of the ease of collection of arm bag 
sweat it was hoped that some constant relationship 
could be demonstrated between the concentration 
of solutes in arm and total body sweat. Under the 
experimental conditions used in both Groups A 
and B, total body sweat sodium and chloride con- 
centrations could be fairly well predicted from the 
arm bag concentrations using the formulated re- 
gression equations (Figures 1 and 2). From the 
standard errors of estimate of these equations, the 
accuracy of prediction is, however, not very high. 

Examination of the data of various investiga- 
tors as summarized by Dill (13) showed that the 
lower the concentration of chloride in hand sweat, 
the more closely did it agree with the concentra- 
tion of chloride in the total body sweat. The sub- 
jects in whom Ladell (5) found good correlations 
between recovered and calculated sweat chloride 
loss were probably acclimatized to heat and they all 
showed relatively low chloride concentrations in 
the arm bag sweat. In the present study, it is 
precisely in this group that the closest correla- 
tion between chloride concentrations in arm and 
total body sweat were noted. 

In a recent study, van Heyningen and Weiner 
(8) demonstrated that the arm bag chloride, urea, 
and lactate concentrations always exceeded the 
concentrations of these substances in total body 
sweat. They, however, collected their arm bag 
sweat by draining it off at intervals from the bot- 
tom of the bag, a process that probably would 
lead to excessive concentration of the sweat as a 
result of water vapor condensation on the sides of 
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the bag. The lowest arm bag chloride concentra- 
tion given in their study was 81 mEq. per L. 

It is difficult to explain the closer agreement be- 
tween arm bag and total body sweat concentrations 
of sodium and chloride associated with lower arm 
bag concentrations. Sodium and chloride concen- 
trations of sweat collected under an impermeable 
barrier (8, 22) are influenced by local factors 
such as the skin temperature and the vapor pres- 
sure under the barrier, and systemic factors such 
as adrenal cortical activity, state of acclimatization, 
dietary salt content, etc. If the lower sodium and 
chloride concentrations were an indication of 
greater systemic influence on sweat gland activity, 
this influence would exceed that of the local en- 
vironmental factors created under the bag. A 
closer correlation between arm bag and total body 
concentration would then be noted. A closer cor- 
relation at lower concentrations would also be 
noted if a constant volume of sweat water in the 
bag repenetrated the skin. The absolute change 
in water to solute relationship would have a greater 
effect the higher the original solute concentration 
in the sweat. Although the present study offered 
no means of assessing the contribution of these 
factors, our failure to obtain correlations for arm 
and total body nitrogen and potassium similar to 
those found for sodium and chloride suggested 
that there was some selective action on the sodium 
and the chloride ions, 

In general, the total body potassium concentra- 
tion fell within the narrow range of approximately 
4 to 6 mEq. per L., whereas the concentration in 
the arm bag sweat showed wide variation up to 
levels as high as 15 mEq. per L. This lack of 
any correlation between arm bag and total body 
concentrations makes only gross approximation of 
the correct skin losses possible. 

The differences between Groups A and B, rela- 
tive to potassium and nitrogen, should be empha- 
sized. Not only were the differences between the 
arm bag and total body sweat concentration smaller 
in Group A (“flushed” group) than in Group B, 
but Group A showed a smaller spread of arm bag 
values. These differences between groups might 
be best explained by the contribution to the sweat 
in Group B of high potassium and nitrogen con- 
taining material that was removed in Group A by 
the “flushing” period before initiating sweat col- 
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lections. This material could be either stagnant 
or concentrated solutes in the sweat gland lumen 
or secretions from the sebaceous glands. Cutane- 
ous desquamation is probably of minor importance 
because the phosphorus concentration in sweat is 
negligible regardless of the rate of sweating, or 
the absence of a “flushing” period (1, 2, 19, 23, 
24, 25). It would be much higher if a large cel- 
lular contribution were present. Furthermore, all 
sweats were filtered immediately after being 
collected. 

Berenson and Burch (26) recently demon- 
strated that the highest sweat potassium concen- 
trations were seen in the earliest period of serial 
sweat collections, and the concentrations then fell 
to a relatively constant value. The reverse was 
seen for sodium and chloride concentration. 
Many years ago Whitehouse, Hancock, and 
Haldane (16, 25, 27, 28) demonstrated that the 
lower the sweat rate (below 300 cc. per hr.), the 
greater the potassium to chloride ratio and the 
higher the organic solids to ashed solids. The 
contamination of sweat by substances high in po- 
tassium best explained these findings. The re- 
sults of this study and those reported in the litera- 
ture emphasize the importance of this preliminary 
“flushing” period before attempting to obtain the 
“true” sweat concentration of potassium and ni 
trogen. 

Although sweat solute concentrations vary 
greatly in different body areas, there is no evi- 
dence that the arm sweat concentrations of the 
measured solutes are higher than the concentration 
of these solutes from other skin areas collected 
in a similar manner (4, 5, 6, 14, 26). It would 
appear that the environment created under the 
arm bag led to the differences noted between arm 
and total body sweat solute concentration. 

Ladell found that when sweat was collected from 
both arms under similar conditions, the chloride 
concentrations and sweat rates were equal; how- 
ever, when he compared the inclosed with the un- 
inclosed arm, he found that both the sweat rates 
and chloride concentrations of the inclosed arm 
were higher. He, as well as others (5, 7, 15), 
noted that the skin temperature of the inclosed 
arm was always higher than the uninclosed arm 
or the rest of the skin surface. The positive cor 
relation between skin temperature, sweat sodium, 
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and chloride concentrations, and sweat rate has 
heen stressed in previous studies (4, 5, 7, 15, 29). 

Although the skin temperature is an important 
factor in the differences between arm bag and 
total body sweat concentrations, it is not adequate 
to explain all the findings. Weiner and van Hey- 
ningen (21) found no change in urea concentra- 
tion with increasing skin temperatures, and lower 
skin temperatures with lower sweat rates are prob 
ably associated with higher potassium concentra 
tions (2, 26, 27,28). Van Heyningen and Weiner 
(8) hypothesized that if a single factor within the 
arm bag affected all the solutes equally, then their 
concentrations would all change proportionally ; 
therefore, the ratio of the total body concentration 
of a given solute to the total body concentration of 
any other solute should equal the ratio of the arm 
bag concentrations of these same solutes, 1.e., 
(N)a/(Cl-),. should equal (N),/(CI)». Their 
correlation coefficients for urea, chloride, and lac- 
tate were very high. They concluded that the arm 
bag environment affects primarily the movement 
of sweat water, the latter undergoing repenetra- 
tion or reabsorption through the skin surface. 
This would, of course, lead to equal degrees of 
concentration of all sweat solutes. Repenetration 
of sweat water through the intact skin probably 
occurs (16, 27, 30) without solutes (22). This 
is enhanced by increases in skin temperature and 
skin blood flow (30) as found within the arm bag. 

In an effort to substantiate the findings of van 
Heyningen and Weiner (8), the arm and body 
concentrations of the various solutes were corre- 
lated in a similar manner. The data are presented 
in Table III. Many correlations comparable to 
those of van Heyningen and Weiner were obtained. 
The sodium to chloride correlations and the potas- 
sium to nitrogen correlations were not significant. 
It would appear that movements of water without 
solute were important, but other factors must con- 
tribute to the difference between the concentration 
of solutes in arm bag and total body sweat. 

Finally, the inclusion of hand or palmar sweat 
in the collection of arm bag sweat may be of con- 
siderable importance in causing differences be- 
tween the arm bag and total body concentrations 
found. Palmer and plantar sweat have character- 
istics that differ markedly from general body sweat. 
Randall and Hertzman (31, 32) and Weiner (33) 
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TABLE Ill 


Correlation of solute concentration ratios in the arm sweat (a) 
with solute concentration ratios in the body sweat (b) 


Level of 
significance 


Correlation 
coefficients 


Solutes 
correlated 





Group A 

. & gy 
; Na*p 
K*p 


: Naty, 


515 Not significant 


918 P < .01 
838 O1 
O1 


603 05 


921 O1 


Group B 


509 


905 
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01 








have shown that not only is sweating continuous 
at cool temperature on the palms and soles, but 
palm and sole sweating does not appear to be re- 
lated to environmental temperatures. In chemi- 
cal analysis of palmar sweat collected by cannula- 
tion, Lobitz and Mason (34) noted chloride con- 
centrations ranging from 100 to 300 mEq. per L. 
and urea concentrations from 68 to 275 mgm. per 
100 cc. of sweat. Since our collections included 
sweat from the palm, we cannot at this time assess 
its contribution to the results observed. 


SUMMARY AND CONCLUSIONS 


In 27 experiments on 17 healthy, young, white 
men the sodium, potassium, chloride, and nitro- 
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gen concentrations of total body sweat were com- 
pared with their respective concentrations in arm 
bag sweat. In twelve experiments (Group A) the 
sweat collections were preceded by a short heat 
exposure to “flush” the sweat gland lumens and 
skin. In Group B (15 experiments), no such 
“flushing” period was used. 

The nitrogen and potassium concentrations of 
arm bag sweat always exceeded the concentrations 
of these solutes in total body sweat. This differ- 
ence was exaggerated in the Group B experiments. 
In neither group could predictable correlations be 
found between total body and arm bag nitrogen 
and potassium sweat concentrations. However, 
in almost all cases the total body sweat concentra- 
tions of nitrogen and potassium fell within nar- 
row range of 20 to 40 mgm. per cent and 4 to 6 
mEq. per L., respectively. The lower the sodium 
and chloride concentrations were in arm bag 
sweat, the closer was the agreement with the total 
body sweat concentrations of these electrolytes. 

Regression equations were formulated from 
these data and the usefulness of these equations 
for the prediction of total body sweat concentra- 
tions of sodium and chloride were discussed. An 
attempt was made to delineate the technical sources 
of error and the physiologic variables accounting 
for the differences between arm bag and total 
body concentrations noted in this study. 
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The distribution and metabolism of serum pro- 
teins in human subjects have been investigated re- 
cently by means of tracers labeled in vitro with I'" 
or biosynthesized with S** or N**. A study by 
London (1) indicated a half time of about 20 days 
for N* labeled serum albumin turnover in a nor- 
mal man and woman. In two normal subjects an 
average half time value of 17.1 days for serum al- 
bumin was obtained by Volwiler, Fremont-Smith, 
and MacMartin (2) following the oral adminis- 
tration of S* tagged dil-cystine. Sterling (3), 


however, utilizing the disappearance rate of in- 
jected I'** tagged human serum albumin, reported 
a mean half time of 10.5 + 1.5 days in 21 normal 
medical students, the longest being 13.4 days. 
Similarly, marked differences in the average half 


times of gamma globulin as determined by I'™ 
labeling and S** biosynthesis have been reported. 
Values of 7.0 to 8.8 days (4) and 7.8 days (5) 
have been found by the former method as con- 
trasted with 27.0 days by the latter (2). 

These discrepancies merit further investigation 
into the validity of the methods employed, espe- 
cially in view of the increasing application of I'*' 
tagged proteins to the study of turnover rates in 
health and disease. In the present study the fate 
of intravenously administered I'*! labeled human 
serum albumin has been followed over periods 
of time considerably longer than have heretofore 
been reported. The results emphasize the diffi- 
culties in interpretation of data and highlight the 
shortcomings of this method of analysis. They 
also aid in resolving the discrepancies noted above. 


METHODS 


Todination of albumin. Lots of albumin iodinated by 
three different tecliniques were utilized. Two methods 
were employed in the laboratory and several batches pre- 
pared by each were studied.t The final products con- 


1 We are indebted to the American National Red Cross 
for supplies of “normal” human serum albumin manu- 


tained an average of 1 to 2 atoms of iodine per molecule 
of protein except in one case. Method A was identical 
with that reported by Pressman and Eisen (6). When 
relatively large amounts of I™ solution 2 were used, only 
8 to 10 per cent of the radioactive iodine became protein 
bound, probably owing to the reducing effect on ele- 
mental iodine of the acid sodium sulfite accompanying 
the I”. In order to increase the efficiency of radioactive 
labeling and to decrease radiation exposure during prepa- 
ration, method B (7) was used. In this case, the ele- 
mental iodine was similarly formed from a mixture of 
stable and radioactive iodide by nitrous acid but it was 
protected from reduction to iodide by its removal from 
the mixture into a chloroform phase. Since the iodine- 
protein combination occurs rapidly the chloroform-iodine 
solution was added slowly to the continually stirred solu- 
tion of albumin in order to obtain optimal random iodina 
tion. By this procedure, 25 to 35 per cent of the I” be- 
came protein bound. As is indicated below, there has 
been no reason to suspect an adverse effect of the 
chloroform on the albumin, the lots prepared by this 
method proving the most satisfactory of all those studied. 
In many experiments, labeled albumin prepared by Ab- 
bott Laboratories and specified to contain 1 to 2 I atoms 
per molecule protein was used. Although, before ship- 
ment, this material had been passed through resin col- 
umns designed to absorb residual iodide and iodate, usu- 
ally about 3 to 5 per cent and occasionally as much as 
8 per cent was found to pass a Visking cellulose mem- 
brane upon receipt in the laboratory. Therefore, all lots 
of iodinated albumin utilized were dialyzed in the cold 
against frequently changed normal saline solutions for 
about 48 hours. Lots prepared in this laboratory were 
passed through Seitz filters and tested for sterility by 
culture before use. Cold 10 per cent trichloracetic acid 
precipitated 98 per cent or more of the radioactivity in 
the final products. 

Ultracentrifugal and electrophoretic analysis of iodinated 
proteins. Sample lots of labeled albumin were subjected 
to ultracentrifugal ® and electrophoretic analysis. The 
electrophoretic patterns * showed a single peaked sym- 
metrical curve identical to that obtained with “native” 


factured and packed by the Armour Laboratories, I't 
Worth, Texas. 

2 Obtained from Oak Ridge National Laboratory. 

8 Thanks are due to Dr. Kurt G. Stern, Brooklyn Poly- 
technic Institute, for the ultracentrifuge analyses. 

40.5 per cent solution, phosphate buffer, pH 7.4. 
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albumin. Mixtures composed of equal parts of iodinated 
and native albumin also showed a single peak. Similarly, 
ultracentrifugal analysis usually failed to detect inhomo- 
geneity or differences between labeled and native albumin, 
even when the biological behaviour of the labeled albumin 
was such as to suggest altered protein, at least in part. 

Assay of radioactivity. Several counting systems were 
simultaneously employed, and each was standardized with 
respect to the others. Jn vivo assays were performed with 
a bismuth walled Geiger counter replaced daily in an 
identical position with respect to that part of the body 
being assayed. At 5 and 9 inches respectively, this counter 
had a sensitivity of approximately 250 and 100 counts per 
minute per uc of I™, depending on the in vivo source of 
radioactivity, above a background of 60 counts per minute. 
Because of a wide window in the counter shield exposing 
the entire sensitive region of the tube (five inches X one 
inch), a fair sized volume of even such large organs as 
the liver could be “seen” by the counter at these distances. 
The rates of disappearance of radioactivity from sites of 
injection of tagged albumin were determined by methods 
previously described (8, 9). In some cases a scintillation 
counter was used. 

Radioactivity of stool, urine and ascitic fluid specimens 
was assayed in 100 ml. samples in Marinelli beakers 
placed around bismuth walled or tetramethyl lead filled 
silver walled glass Geiger counters with sensitivities of 
5200 counts per minute per uc I™ above a background of 
28 counts per minute and of 479 counts per minute per uc 
I™ above a background of 16 counts per minute, respec- 


tively. Plasma and ascitic fluid were assayed in 5 ml. 


samples in specially modified Marinelli-type beakers 
placed around the bismuth tube. A sensitivity of 10,500 
counts per minute per uc 1” was obtained with this ar- 
rangement. Duplicate 0.5 ml. plasma samples were 
dried in circular planchets of 2 cm. diameter and as- 
sayed in a flow gas counter. The sensitivity of the ar- 
rangement was 1.02 to 1.10 x 10° counts per minute per uc 
I” depending on the density of the plasma, above a back- 
ground of 20 counts per minute. The sensitivity could 
be precisely determined for each subject’s plasma by the 
addition of a known amount of I™. Five ml. samples 
were also occasionally assayed in a well-type sodium 
iodide crystal scintillation counter with a sensitivity of 
0.96 X 10° counts per minute per wc I™ for this volume, 
above a background of 432 counts per minute. Suitable 
dilutions of the administered doses were assayed in all 
counters and kept throughout the study for frequent 
intercomparisons and for verification of stability of the 
various counting arrangements. In a number of experi- 
ments all plasma samples were assayed in both the flow 
gas and bismuth counters and some samples assayed in 
the scintillation counter as well. The precision obtained 
in replicate samples assayed in different counters indicated 
that counting techniques were not a source of significant 
variation. A sufficient number of counts was recorded 
so as to reduce the statistical error of counting to below 
3 per cent in the least active plasma specimens. 
Subjects studied. These were male patients of the 
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Veterans Adininistration Hospital, Bronx, New York. 
One hundred to 150 wc I™ tagged albumin (1 to 20 mgm.) 
from different lots were administered intravenously from 
weighed syringes to groups composed of one to seven 
subjects. The larger groups included cirrhotic and non- 
cirrhotic patients. There were 53 separate studies in 46 
subjects. Inhibition of thyroid uptake was effected by 
the administration of 10 drops of Lugol's solution by 
mouth three times a day throughout the study. 24 hour 
urine collections were obtained daily except in an oc- 
casional instance when a pooled weekend urine was col- 
lected. Heparinized blood specimens were drawn with- 
out tourniquet stasis at frequent intervals for periods up 
to 43 days following administration of the labeled albu- 
min. While in many early experiments blood samples 
were drawn from the recumbent subject after rest, this 
practice was subsequently discontinued as an unnecessary 
refinement in long term studies. Serum albumin concen- 
trations were determined at 7 to 10 day intervals from 
micro Kjeldahl nitrogen analysis after Howe sodium 
sulfate fractionation. Ascitic fluid albumin concentra 
tions were similarly determined. In all but one case (J. 
B., No. 10), these concentrations remained constant 
within the limits of error of the method. Plasma vol- 
umes were determined from the 15 minute dilution fac- 
tors according to methods previously described (10). 
Localization of radioactivity in plasma and ascitic fluid. 
The estimation of turnover rates from the analysis of 
plasma radioactivity requires that the radioactivity re 
main bound to the undegraded albumin. This condition 
has been examined by the dialysis of plasma, the precipi- 
tation of plasma proteins and the assay of radioactivity 
in electrophoretically fractionated plasma at various in- 
tervals following the administration of tagged albumin 
In all experiments less than 4 per cent of the plasma 
radioactivity passed a dialysis membrane, more than 94 
per cent of the radioactivity was precipitable with cold 
10 per cent trichloracetic acid and all of the radioactivity 
was accounted for in the albumin fraction separated by 
electrophoresis. It should be appreciated, however, that 
separation by this latter method is crude and that this 
fraction undoubtedly also contained some alpha-globulin 
Approximately 98 per cent of ascitic fluid radioactivity 
was precipitable with cold 10 per cent trichloracetic acid. 


Definition of terms. 


Rate—Apparent instantaneous fractional rate; this may 
be an average of several indistinguishable rates. 

Compartment—An apparent space of distribution not 
necessarily confined to a single anatomically bounded re- 
gion except in the case of plasma. 

lodo-Albumin Component—A moiety of iodo-albumin 
composed of a single biologically homogeneous substance 
or of several different substances characterized by closely 
similar degradation rates. 

Iodo-Albumin Degradation—The separation of radio- 
activity from the I” labeled albumin which does not 
necessarily imply total or partial hydrolysis of the 
protein. 





S. A. 


ANALYSIS OF DATA AND RESULTS 
I. Construction and analysis of curves 


The method of plotting observed and derived 
data and the significance of the curves obtained 
are best followed from the study of a representa- 
tive experiment (Figure 1). In each case, the fol- 
lowing curves were drawn. All values were cor- 
rected for radioactive decay and plotted as a func- 
tion of time on semilogarithmic paper. 
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A) “Plasma concentration curve.” Counts per 
minute per unit volume plasma. After distribu- 
tion in the body’s exchangeable albumin pool is 
essentially complete and in the absence of pro- 
teinuria or other external losses, the slope of this 
curve defines the rate of tagged albumin degrada- 
tion. It has been inferred (3) that the rate of al- 
bumin synthesis is equal to this rate if the concen- 
tration and space of distribution of serum albumin 
remain constant. In one case (J. B., No. 10), be- 
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In this and subsequent figures some of the urine points represent the means of two day collections. 


The first point 


represents the actual excretion divided by the fraction of a 24 hour period over which it was collected. 
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cause of a wide variation in plasma albumin con- 
centrations (+ 15 ver cent of mean), specific ac- 
tivities (counts pe .ninute per gram albumin) 
rather than radioactivities were plotted. 

B) “Renal excretion curve.’ The per cent of 
the administered dose excreted daily in the urine 
is plotted at the midpoint of the day. In one case 
(S. H., No. 43) significant proteinuria was pres- 
ent and separate assay of the protein bound and 
protein free radioactivity was made. 

C) “Percent retained.” The per cent of the dose 
retained in the body at any time is considered to 
be equal to 100 per cent minus the cumulative per 
cent urine excretion on the assumption that all 
the radioactivity lost from the body is recovered 
in the urine collections. The validity of this as- 
sumption is confirmed or negated, in any individual 
case, by the characteristics of the forms of curves 
D) and E) described below. Approximately 2 
to 3 per cent of the radioactivity was withdrawn 
during blood sampling during the course of the 
study. These losses were corrected for in calcu- 
lation of the per cent retained. In three subjects 
occasional 24 hour stool analyses showed that fe- 
cal excretion amounted to only .2 per cent to 2.5 
per cent of that excreted in the urine. Fecal ex- 
cretion was therefore disregarded. 

D) “Distribution curve.” Counts per minute 
per unit volume plasma/per cent retained. On the 
assumption that all radioactivity released from the 
degraded protein is quantitatively accounted for 
by renal excretion, this curve reflects the changes 
in plasma concentration due solely to distribution 
of the tagged albumin in the exchangeable albumin 
pool. If the assumption is valid, this curve should 
approach an asymptote parallel to the time axis as 
mixing becomes more complete. It should have 
a negative slope if recovery in the urine does not 
account for all the degraded protein radioactivity. 
The reciprocal of this curve would indicate the 
time course of the apparent space of distribution. 

E) Daily renal excretion (per cent of dose)/ 
per cent retained. If the assumption made in C) 
is valid, then the absolute level of this curve at any 
time expresses the per cent of the tagged protein 
within the body which is being degraded daily 
at that time. 

F) In vivo counting rate over neck and/or other 
parts of the body. After distribution is essentially 
complete, these curves should parallel the plasma 
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concentration curve, provided that selective local- 
ization is not taking place in the site under obser- 
vation. Assay over the neck also served to con- 
firm the inhibitory effect of Lugol’s solution on 
thyroid uptake of I**?. ; 


Renal excretion of radioactivity released from the 
degraded protein 

A consideration which merits attention is the 
time relationship between the urinary excretion 
The extent to 
which the lag in the urinary excretion of the de- 
graded protein radioactivity affects the curves was 
evaluated. It can be shown that the rate of ap- 
pearance of radioactive iodine in the urine rapidly 
approaches its rate of release from the degraded 
labeled albumin (Appendix A). Thus, urinary 
excretion may be accepted as simultaneous with 
iodo-albumin degradation for the purpose of 
analysis. 


and plasma concentration curves. 


Significance of the “distribution curve” 


Analysis of the observed plasma concentration 
curves reveals a progressively decreasing slope for 
4 to 7 days or longer depending on the batch of al- 
bumin used. Eventually a straight line could 
reasonably be drawn through the terminal seg- 
ments of the curve. Inspection of the distribution 
curve (Figure 1D) reveals that an horizontal 
asymptote is reached at the Sth or 6th day. Thus, 
the decline in the plasma concentration curve after 
this time is quantitatively accounted for by urinary 
excretion, indicating that the volume of distribu- 
tion is no longer increasing. 
the horizontal asymptote in the distribution curve 
is twofold : 


The significance of 


1. It offers evidence that during the entire pe- 
riod of study, radioiodine released from degraded 
protein is almost completely recovered in the 
urine. If any radioactivity were not recovered, 
the calculated value for the per cent retained would 
be higher than the true one by that amount not 
recovered. The percentage error would then 


progressively increase during the course of the 


study producing a negative slope in the curve. 

2. It further indicates that any change in the 
slope of the plasma concentration curve after the 
distribution curve has become horizontal must be 
due to a change in the apparent rate of degrada- 
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Renal Excretion 


The calculation for the correction of i 


er cent Retained 
= 3.7 per cent. 


tion and is not to be explained by distribution or 
storage phenomena. 

The observation that urinary excretion accounts 
for all the degraded protein radioactivity allows 
for the calculation of the rate of degradation from 
the urine assays alone. The expression 

renal excretion per unit time 
per cent retained 
defines this rate at any time. Degradation rates 
determined from two independent sets of data, 
plasma concentrations and urinary excretions, 
may thus be compared. 





In many cases the distribution curve had a slight 
negative slope even after apparent distribution 
equilibrium (Figure 2). Theoretically, this could 
be explained by continued distribution into less 
easily penetrated compartments of an albumin pool, 
or by failure of recovery of all degraded protein 
radioactivity in the urine, owing either to incom- 
plete urine collection or to extrarenal losses. Con- 
tinued distribution over the entire period is almost 


——_—.. for the 21st day is shown. 


The mean for the corrected values 


certainly not the explanation, since in that event 
an approach to a horizontal asymptote rather than 
a progressive decline would have been observed. 
In several cases the observations were continued 
for a period long enough to recover over 85 per 
cent cf the administered doses in the urine when 
the plasma still contained an additional 5 to 7 
per cent. Furthermore, since fecal excretion has 
already been noted to be insignificant and, in many 
cases, urinary recovery did account for all losses 
from the body, it is probable that incompleteness 
of the urine collections is responsible for the slope 
observed in these curves. Where such slopes were 
observed, appropriate correction for the amount 
not recovered was made as follows (see Figure 
2): 

Let 


Cy = zero time extrapolation of the final slope 
of distribution curve, 
C, = point on this slope at time t, 





DISTRIBUTION AND DEGRADATION OF I'3! ALBUMIN 


per cent retained, uncorrected, time 
t = 100% — (cumulative per cent uri- 
nary excretion + per cent withdrawn 
by blood sampling), ’ 


R, = per cent retained, corrected, time t. 


R, _ (1) 


The renal excretion values may be corrected 
as follows: 


% renal excretion © renal excretion 
i) ae ee _ 
Ry xX = 
— 





(2) 


From (1) and (2) 


% renal excretion _, Co 
C, 


renal excretion 
R, Ry 





II. Kinetics of distribution into albumin pool 


The distribution curve, rather than the observed 
plasma concentration curve is used for analysis of 
the kinetics of distribution in order to exclude the 
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effects of variation in the rates of iodo-albumin 
degradation during this period. Even here this 
analysis remains in error to the extent that uri- 
nary excretion lags somewhat behind protein 
degradation (Appendix A). While this could have 
been more fully accounted for by a separate study 
of the renal iodide clearance rate, the error in 
volved was not great enough to justify the compli- 
cated mathematical treatment required of this re- 
fined analysis. 

For the purpose of determining more precisely 
the rates of distribution, 10 to 16 blood samples 
were drawn during the first 3 to 4 days in about 
one-fourth of the cases (Figure 3). However, 
these rates could be grossly evaluated in the re 
maining cases as well. 

Although there may be an unlimited number of 
exponential components, the distribution curves, 
in most instances, could be resolved into three ma- 
jor exponential regression rates by conventional 
analysis (Figure 3). If mechanical mixing in 
the plasma is considered to be complete at t,, the 
form of these curves is then expressed by the gen- 























j 





























titi 
TH } 
j 


HEE Hated: 
FUCEEADESESG ESSERE 





























- DISTRIBUTION 





























































































































/ 


% OOSE RETAINED 


4 




















/ 








+-4-4 $2 44> 





















































TiME IN DAYS 


Fic. 3. Distrrsution Curve 1n Susyject S. H. (No. 43) 


This figure demonstrates the method of analysis for the rates of equilibration between plasma and the “fast” and 
“slow” extravascular compartments and for the fraction of total iodo-albumin in circulating plasma at equilibrium 
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eral formula: 
P = Ae™t + Bet + Cet 
where 
Plasma concentration 
Per cent retained 





P = 


d.- = Rate constant due to incomplete 
urinary recovery of degraded 
protein radioactivity. In many 
cases this equalled zero, as noted 
above. 

Rate constants determined by 
transfer of tagged albumin be- 
tween plasma and two apparent 
extravascular compartments. 

dh. is calculated from the slope of 
the terminal straight line phase 
of the curve. Subtraction of the 
values of this extrapolated line 
from the corresponding values 
of the curve produces a new 
curve. and ), are then deter- 
mined in a_ similar manner 
from successive resolution of the 
curves so produced. 


h, and \y = 


A, Band C = Coefficients obtained from the ver- 
tical axis intercepts of the re- 
gression lines, Ae™*', Bet, 
Ce, respectively. 

= to, P =P, Then, 


=A+B+C, 


= fraction of total iodo-albumin in 
plasma at distribution equilib- 
rium, 


= fraction of total iodo-albumin in 
spaces other than plasma at 
distribution equilibrium. 


Total plasma albumin = albumin concentration 
X plasma volume. 
If iodo-albumin is assumed to exchange with 
endogenous albumin, then, 


Total exchangeable albumin (TEA) 


, Po 
= total plasma albumin X Cc: 


5 Theoretically, A. is not a constant whether the loss is 
a single loss or distributed throughout the course of the 
experiment. However, in practice, the losses were of 
such slight degree that 4. could be treated as a constant 
without significant error. 


S. A. BERSON, R. S. YALOW, S. S. SCHREIBER, AND J. POST 


Values for A+B are 


Po 
Table I, The mean value for compensated cir- 
rhotic and non-cirrhotic subjects was 59.5 per 
cent. The somewhat higher percentage (mean 
66.5 per cent) in the presence of ascites was to be 
expected. In case H. D. (No. 14), paracentesis 
on the last day of observations revealed that ap- 
proximately 60 per cent of the total iodo-albumin 
was present in the 19 liters of ascitic fluid removed, 
and in case Gl. H. (No. 4) 42 per cent was present 
in 15.5 liters. Incase F. A., (No. 3) 6.5 liters of 
ascitic fluid contained 16 per cent of the iodo-albu- 
min in the body. 
Values for TEA are given in column J of Table 
I, In many of the cirrhotic subjects TEA was not 
significantly lower than in non-cirrhotics. In 
these cases an increase in plasma volume or the 
presence of fluid accumulations compensated for 
the low serum albumin concentrations. 


given in column I of 


Extravascular compartments 


In all but a few of the studies, two greatly dif- 
ferent rates of distribution were observed with 
mean half times of approximately 3 and 24 hours. 
For lack of more precise information as to their 
localization, these two extravascular compartments 
are merely termed “fast” and “slow.” In the pos- 
sibility that these compartments were not dif- 
fusely distributed throughout the body, in vivo as- 
says were performed in an attempt to localize sites 
However, no such 
sites were discovered by assays over the heart, 
lungs, liver, spleen, neck or thigh taken 15 min- 
utes after injection and at frequent intervals there- 
after. Since in the liver and spleen areas, the 
counter “saw” a relatively large amount of blood 
compared to extravascular tissues, these curves 
approximately paralleled the heart and plasma 
curves during the distribution phase (Figures 4, 
7). On the other hand, the neck and thigh curves 
followed more closely the curve of per cent dose 
retained (Figures 4, 1). Only over the mid-ab- 
domen in some patients with ascites was there 
any suggestion of a “build-up” curve indicative 


of build-up of radio-activity.* 


®It is postulated that these two compartments com- 
municate directly with the plasma rather than end-wise 
with each other although it is to be appreciated that 
distinction between these two arrangements cannot be 
made from the plasma observations alone. 
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ACTIVITY RELATIVE TO 100% AT ZERO TIME 


TIME IN DAYS 


Fic. 4. Susyect J. H. (No. 40). 


Time Course OF RADIOACTIVITY IN PLASMA AND IN Various Bopy SITES 


The stippled envelopes emphasize differences between areas which are exceptionally vascular and those which 


are not. 


of localization. After distribution equilibrium 
was reached, the slopes of all these curves were ap- 
proximately the same as that of the plasma con- 
centration curves. 


Removal of todo-albumin from tissue sites 


It is relevant to recall the studies of Cope and 
Moore (11) in dogs. By direct lymph analysis 
they demonstrated a much more rapid equilibrium 
between plasma and thoracic duct lymph than be- 
tween plasma and lymph from the cervical and 
leg chains. Some evidence in human subjects is 
obtained from the rates of disappearance of tagged 
albumin from sites of injection into muscle, skin 
and subcutaneous tissue of the lower extremity. 
The half times for removal from these sites in 16 
experiments ranged from 13 hours (Figure 5) to 
72 hours (previously published figure [9] ) which 
are consistent with the “slow” rate of exchange 
determined by the plasma studies. 


From the observations presented here, no con- 
clusions can be derived as to the presence of an 
intracellular phase except to note that in vivo as- 


says failed to give evidence for localization in the 


liver as had previously been demonstrated for 
tagged modified human globin (9). 


Todo-albumin transfer between plasma and ascitic 
fluid 

In one subject (GI. H.), repeated sampling (20 
to 30 ml.) of ascitic fluid was performed. Dur- 
ing the period of this study, the ascitic fluid vol- 
ume was increasing only slightly as judged by 
observation and daily weighings. Plasma and 
ascitic fluid distribution curves are shown in Fig- 
ure 6. The ascitic fluid concentrations appeared 
to approximate a single exponential growth curve 
with a rate constant of 0.0150 per hour (T,,, : 
46 hours). Theoretically, however, exchange be- 
tween plasma and extravascular pools other than 
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Fic. 5. DISAPPEARANCE OF ]ODO-ALBUMIN FROM MUSCLE 


This was the shortest half-time observed. 


In most experiments the half-times for 


removal from skin, muscle or subcutaneous tissue of the lower extremity ranged from 


18 to 36 hours. 


the peritoneal cavity makes the situation much 
more complex. Because of this and the lack of 
appropriate observations of exchange rates and 
volumes of these compartments, the analysis of 
the kinetics of mixing was simplified by assuming 
The 


dynamics of albumin exchange across the peri- 


a single rate of transfer into ascitic fluid. 


toneal membrane were evaluated in this manner 
under each of two extreme conditions (Appendix 


C). The calculations reveal that approximately 


0.8 gram albumin passed the peritoneal membrane 
in each direction per hour, 


III. Degradation of tagged albumin 


As previously indicated, the slope of the plasma 
concentration curve following the distribution 
phase is a function of the rate of degradation of 
iodo-albumin. However, this portion of the curve 
was a straight line in only a small number of 
cases. These cases were limited almost exclusively 
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Equal specific activity in plasma and ascitic fluid was apparently reached in 10 days. The 


EQUILIBRATION BETWEEN PLASMA 


(No 4) 
dotted line is 


Np Ascitic FLurp iN Supyect Gi. H 


a plot of the differences between the extrapolated equilibrium value and the observed ascitic fluid concentra 


tions 


to lots prepared by method B. In these, the renal 


excretion curve, after the fifth or sixth day, was 


also a straight line and had a slope similar to that 
of the plasma concentration curve (Figure 7). 


renal excretion 


The curve of remained at a hori 


per cent retained 
zontal level after distribution equilibrium was 
reached, The rates of degradation of the iodo 
albumin as determined from the slopes of the 
plasma concentration curves were in close agree 
ment with the values obtained from the horizontal 


. ; renal excretion Ea 
portions of the curves (Table 
per cent retamed 


IA), 


are consistent with the interpretation that nearly 


In these cases, therefore, the observations 


all of the labeled albumin was being degraded at a 
single constant rate, which could be independently 


derived from plasma or urine analyses. During 


P - ° renal excretion 
the phase of distribution, was 
per cent retained 
slightly higher than during the subsequent flat 
portion of the curve. 
Unfortunately, however, these conditions did 
The follow 


ing characteristics of the post distribution seg- 


not obtain in the majority of cases. 


ments of the curve were frequently observed (hig 
ure 1). The slope of the plasma concentration 
curve revealed a gradual decrease. The slope of 
the renal excretion curve was greater initially but 
tended to approach that of the plasma concentration 
curve terminally. The curve of —_ vic 

per cent retained 
did not approach a horizontal level for some time 
after distribution was complete but rather showed 
higher levels on the initial portions of the post 


distribution segments. In these cases, therefore, 
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In all cases in which this lot (B 1-7-3) of albumin was used, a single rate of degradation was observed. 
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APPARENT DEGRADATION RATES OF |ODOALBUMIN AS DETERMINED AT THE [2th, 2ist, 341i 
DAY OF OBSERVATIONS IN SUBJECT P. McG 


7 6:5} 
eat 
1 | 


| ‘Ty, * 19 DAYS 
2 


20 32 


TIME — DAYS 


PLASMA CONCENTRATION CURVE 


In SupyectT P. McG. (No. 11) 


Had this experiment lasted only three weeks or less, a spuriously rapid degradation 


rate would have been obtained 


it is evident that degradation of the 1odo-albumin 
was not proceeding at a single constant rate, but 
that there were several components being de 
graded at different rates. Theoretical curves for 
plasma concentration and renal excretion, when 
constructed for a two-component system, exhibit 
just such characteristics as have been observed in 
these studies (Appendix B). 

As an example of the difficulties encountered in 
attempting to evaluate the rate of tagged protein 
degradation from most plasma conc¢entration 
curves, the best straight line was drawn through 
the observed points in various phases of the study 


in subject P. McG. No As the 


experiment proceeded the rate appeared progres 


1] (igure 8). 


sively slower until the last half time of 19 days 
(3.6 per cent per day) was obtained for the 14th 


tagged 


to 34th days after administration of T! 


albumin. In many cases it was two weeks or 


longer (Table 1, column [.) before the degrada 


tion rate became constant. Thus a minimum of 
three to four weeks was often required for evalua 
tion of this final rate. 

The fractional quantity of the last (slowest ) 
component was estimated by dividing the zero 
time extrapolation of the final component of the 
plasma concentration curve by the zero time ex 
trapolation of the terminal segment of the dis 
tribution curve (Figure 1). The constancy of 
the rate of degradation of the slower component 
during distribution may be seriously questioned. 
Llowever, since this fraction of the iodo-albumin 
was degraded at a relatively slow rate, the error 
was small and the values obtained were useful as 


The 
not permit the more refined approach utilized in 


rough approximations. observations did 


the analysis of the distribution curves It wa 


found that the fraction of iodo-albumin which was 
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(a) (c) (d) ( (f) 
Fic. 9. 

Itracentrifugal patterns of some lots used in this study: (a) and ())*. Uniodinated albumin (a) compared with 
iodinated albumin (1) from lot Abbott A-143-2 used in case W. S. (No. 39). Although the latter material showed 
S0 per cent rapidly degraded components, there are no significant differences between the two patterns and the sedi- 
mentation constants are identical (S.. = 4.3 Svedberg units); (¢) Albumin prepared by Method A (lot 5-22-2) used 
in Case Nos. 28, 29, 30) in which about one-third of the material was rapidly degraded. So =4.6 S.U. units 


>> 


Phere are ‘ wmialities in the sedimentation pattern; (d) Abbott albumin B-192-37. Although there is only one 


edimenting peak recorded, the sedimentation constant (S.o— 5.7 $.U.) is higher than that of “normal” albumin (ca 
17) This material gave high urine excretions over the first 24 hours (Table 11); (e) Lot B 1-26-3 prepared with 
11.1 | atoms per molecule protein and used in subject J. D. (No. 1). The “shoulder” on the “heavy” side indicates 
the presence of heavier polydisperse material in the preparation. In addition the sedimentation rate of the major com 


ponent (S..=62 8.U.) is higher than normal, indicating appreciable alteration; (f) Lot B 1-26-53 prepared with 1.6 


I atoms per molecule protein. This material which was used in subject M. F. (No. 2) was prepared identically with 
that in (e) except for the lower iodine: protein ratio. The pattern and sedimentation constant (S..= 5.0 S.U.) are 
normal; used in subject M. FL ONo. 2 Direction of sedimentation to the left in all frames 


*We are indebted to Dr. Sam Sorof, Vet. Adm. Hosp., Bklyn., N. Y., for performing these two analyses 


rapidly degraded was characteristic of the lot of — likely that more than one component would sub 
iodo-albumin used (‘Vable 1, column T). In gen sequently be observed. However, even a lower 
eral, the lots prepared in the jaboratory by Method — excretion during the first day did not always ex 
By were the most satisfactory and those obtained — clude the presence of more than one component. 
from Abbott Laboratories the least so with re- It may again be emphasized that ultracentrifugal 
spect to minimizing the portion of these rapidly analysis often failed to detect such abnormalities 
degraded components. The presence. of large in the various lots (Figure 9 b and c). How 
amounts of these rapid components was evident ever, a more recent lot of Abbott I! tagged al 
in the high urine excretions of radioactivity dur bumin has shown slight abnormalities in the ultra 
ing the first few days (Table 1B, column S). centrifuge (Figure 9 dj). This and other recent 
Krom experience gained with the different lots it) lots have also shown extremely high renal excre 
became clear that when more than 6 to 7 per cent — tions for the first 24 hours (Table If). These 


had been excreted during the first 24 hours, it was cases have not been included in the present study. 


TABLE If 
Renal excretions after administration of some recent lots of todo-albumin supplied by Abbott Laboratories 
Renal excretion ‘7 of dose administered 


Subject ta rour 2nd 24 hour 


=. 9.4-——not dialyzed before administration 
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sedimentation Constant on ultracentrifugal analysis (Figure 9). 


il experimental lot 
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Degradation rate of final (slowest) component of 
iodo-albumin 


Where observations were continued over a 
period sufficiently long for the faster components 
to appear to be almost completely degraded, the 
rate of degradation of the final component was 
almost always less than 5.5 per cent per day 
(T,/. = 12.5 days). Subject J. D. (No. 1) who 
received albumin with an average of 11 Iodine 
atoms per molecule is an exception. This case is 
discussed in greater detail below. In the case of 
those experiments with lots containing a single 
detectable component or only a small fraction of 
faster components and where observations over 
a four week period or longer were available, the 
rates were even much slower, being of the order 
of 4 per cent a day or less (T,,;, > 17 days) 
(Table IA). In these cases, too, the degradation 
rates determined independently from the plasma 

renal excretion 
per cent retained 

in excellent agreement. If the daily degradation 
of endogenous albumin is accepted as the product 
of total exchangeable albumin and the degrada- 
tion rate (.693/T,,, days) of iodo-albumin, then 
in this group, the albumin “turnover” per day 
ranged from 5.4 to 21.1 grams (.079 to .310 gram 
per kilogram per day) (Table IA). The values 
for cirrhotic patients (range .079 to .192; mean 
.126 gram per kg. per day) were lower than those 
for non-cirrhotic subjects (range .164 to .310; 
mean .205 gram per kg. per day). Even if cal- 
culated on the basis of “dry weights,” the cal- 
culated “turnover” values would reveal low fig- 
ures for the cirrhotic subjects. In two of the cir- 
rhotic patients who died in cholemia and hepatic 
decompensation (O. C., No. 13 and F. A., No. 3) 
the rates of degradation could not be determined 
precisely from the plasma concentration curves 
since these patients were continually accumulat- 
ing ascitic fluid during the study. This led to a 
decay in the plasma concentration apparently in 
excess of the actual rate of degradation. How- 
ever, the renal excretion values indicated ex- 
tremely low turnover rates. 

In one other cirrhotic subject (Gl. H., No. 4) 
with increasing ascites, the renal excretion also 
showed lower values than the rate determined 





concentration and curves were 
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from the plasma concentration curve. Although 
TEA must have been increasing slightly during 
the period of study, if the net increase in ascitic 
fluid albumin is calculated as the product of TEA 
at distribution equilibrium (385 grams) and the 
difference between the plasma concentration de- 
cay rate (2.9 per cent per day) and the degrada- 
renal excretion 

: = 1.8 per cent per 
per cent retained 
day), a mean value of 4.2 grams per day is ob- 
tained. This agrees fairly well with the value 
(3.6 grams per day) derived by dividing the total 
albumin (214 grams) removed by paracentesis at 
the end of the study by the number of days elapsed 
since the previous tap (59 days). During a 
period of 80 days prior to the study this patient 
had been relieved of 585 grams of albumin by 
repeated paracenteses, The losses (7.3 grams per 
day) by this route alone were almost as much as 
the total turnover values in some non-cirrhotic 
subjects in this group. This indicates the tre- 
mendous additional load imposed upon the al- 
bumin productive capacities of the liver by re- 
peated withdrawal of ascitic fluid in these subjects. 
It is conceivable that, in some cases, such prac- 
tice might demand the synthesis of even greater 
than normal amounts of albumin. 

In most of the studies with the remaining lots, 
insufficiently long observation periods and the 
presence of rapidly degraded components com- 
bined to produce apparently shorter half time in 
the plasma curves and poor agreement between 
rates determined from plasma and urine curves. 
In most of these cases the turnover rate of the 
final component as determined from the urine 
excretions was lower than the rate derived from 
the plasma concentration curves essentially be- 
cause the constructed slopes of the terminal por- 
tions of the plasma curves were more prejudiced 
by earlier points which included varying amounts 
of the faster degraded components. The turn- 
over rates given in Table IB, therefore, are, in 
general, spuriously high and represent only maxi- 
mum values. 

In some lots the rate of degradation of these 
faster components was only slightly greater than 
that of the slowest component (e.g., lot B12—2- 
2). In others (e.g., lot No. Abbott A 216-2) 





tion rate ( 


probably due to a more marked degree of altera- 
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tion of the protein, extremely rapid breakdown 
of a fairly large fraction was obvious within the 
first day or two (see Table IB, column S). Since 
the slope continued to change for a few weeks, 
however, it is likely that a more or less continuous 
spectrum of components degraded at different 
rates was present. For this reason it is question- 
able whether a “final component” in these cases 
was ever really observed. Furthermore, because 
of inadequate observation periods, the calculated 
“fraction of faster components” is, in some cases 
(e.g., Abbott A 014-2), falsely low, owing to a 
spuriously steep slope in the plasma concentra- 
tion curve extrapolating back to an apparently 
high zero time value. 





YALOW, S. S. 


SCHREIBER, AND J. POST 

Review of the entire mass of data thus leads to 
the conclusion that the apparent rates of degrada- 
tion depended in large part on the particular lot 
of iodo-albumin used. However, with what were 
considered the best batches of material, the rates 
were appreciably less than 5 per cent per day. 


Effect of overiodination of albumin on the de- 

gradation rate 

In order to investigate the possibility that dif- 
ferences in the rates of degradation were related 
to the degree of iodination of the protein mole- 
cules, two portions of iodo-albumin containing an 
average of 14 and 11 iodine atoms per molecule 
of protein, respectively, were prepared identi- 
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cally ° from the same batch of protein and each 
was administered to a non-cirrhotic subject (M. 
F., No. 2 and J. D., No. 1, respectively). The 
plasma concentration curves (Figure 10) clearly 
indicated a difference in the rates of degradation, 
the more highly iodinated material being degraded 
more rapidly. Ultracentrifugal analysis revealed 
marked alterations in the sedimentation of the 
latter material (Figure 9 e). In spite of these 
obvious changes, however, the rate of degradation 
was not inordinately fast (T,/,= 11 days) and 
suspicion of such marked alterations would not 
have been aroused by the renal excretions (Table 
IA, column S). Because of the exceptional care 
taken in the preparation of this lot, fairly uniform 

6 The iodine solution was slowly added to the albumin 
solution with continuous mixing. After an amount cal- 
culated to produce a ratio of i.5 I atoms per molecule 
had been added, one-half of the protein solution was re- 
moved and the remainder was then more heavily iodinated 
in the same fashion. The final ratios as determined from 
nitrogen analysis were 1.58 and 11.1 I atoms per molecule 
albumin, respectively. 


12 14 (6 18 20 22 24 26 26 


ME IN DAYS 
1] 


iodination of the protein molecules must have 
been obtained and the material, therefore, behaved 
biologically in a more or less uniform manner. 
In view of the very rapid combination of ele- 
mental iodine with protein in the process of iodina- 
tion, it is quite conceivable that during prepara- 
tion, some portion of the protein may become 
very heavily iodinated even when the average 
iodine : protein ratio is no more than | to 2 atoms 
per molecule. These very heavily iodinated mole- 
cules, containing a large portion of the total radio- 
activity may yet comprise only a very small frac- 
tion of the total protein. Thus, alterations in 
the tagged protein may fail to be detected in the 
ultracentrifuge. In the case of the albumin labeled 
with an average of 11 I atoms per molecule, ab- 
normality was readily evident in the ultracen- 
trifugal pattern probably because much of the pro- 
tein itself must have been altered at such a high 
average iodination level. Where a low average 
iodination level was present, as in all the other 
lots used in this study, it was repeatedly demon- 
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strated that a normal sedimentation pattern did 
not insure biological integrity of the tagged moiety. 

If uneven iodination were responsible for the 
variability of degradation rates, extremely high 
iodine: protein ratios must have been present in 
some molecules of many of the lots since even the 
11 I atoms per molecule iodo-albumin did not 
lead to such high renal excretions in the first few 
days as were observed in most of the Abbott prepa- 
rations. The inference that, in these lots, a large 
part of the radioactivity was bound to a small 
moiety of the albumin is consistent with the fre- 
quent failure to identify abnormalities on ultra- 


centrifugation. It is possible, therefore, that the 


apparent multiple iodo-albumin components fre- 


quently observed were merely albumins with dif- 
ferent degrees of iodination although additional 
alterations during isolation or iodination cannot 
be excluded. These considerations do not abso- 
lutely negate the possibility that the presence of 
multiple components in “native” albumin also con- 
tributed to these variations, although the absence of 
more than one component in at least one lot (No. 
B1-7-3) offers no support for this alternative. 


DISCUSSION 


The biological behaviour of the isotopically la- 
beled simple ion or chemically defined compound 
may be accepted, in general, as reflecting that of 
the native unlabeled species except for considera- 
tion of radiation and so called isotope effects. In 
the case of complex substances such as proteins, 
however, in vitro labeling procedures may induce 
subtle alteration beyond the scope of detection of 
available physical and chemical techniques. The 
validity of the tracer thus remains suspect. Fur- 
thermore, its identical behaviour to that of the 
native substance in certain biological systems (¢.g., 
immunological) does not, in itself, warrant the 
assumption of such similarities in other systems 
(e.g., hormonal activity or response to catabolic 
processes). For example, the precipitation by 
specific antibody of bacterial toxin and toxoid 
hardly establishes their identical toxicity. Simi- 
larly, the parallel rate of disappearance of I'*" la- 
beled and native human serum albumin from the 
blood stream of the rabbit (3), to which they are 
both foreign proteins, does not necessarily insure 
similar behaviour in the human subject. Indeed, 
iodo-albumin is not itself a protein native to man. 
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Conversely, however, it has been repeatedly dem- 
onstrated elsewhere (3, 4), as well as in the pres- 
ent study, that obvious alteration does lead to a 
more rapid rate of disappearance and it probably 
can be accepted that the slowest rate of disappear- 
ance most nearly approaches that of the native 
albumin. 

The difficulty in determining whether a more 
rapidly degraded component is an altered protein 
or one of several normal albumin fractions is 
merely one of a number of problems in the inter- 
pretation of such data as are reported here. A 
principal question concerns the process of degra- 
dation. The implication that the rate of disappear- 
ance of radioactivity from the body reflects the 
rate of dissolution of the entire albumin molecule 
must be avoided. The observations presented 
here and in available published reports offer no 
information as to the mechanism of splitting of 
the I'* albumin linkage in the body. Although, 
more probably, the iodotyrosine fragments are 
separated by peptide bond hydrolysis, there is, 
as yet, no evidence against the possibility that 
simple deiodination alone occurs in vivo in this 
abnormal protein. Even if hydrolysis alone were 
demonstrated, the rate of this process is not mani- 
festly the same as the turnover of the normal tyro- 
sine fragments. Furthermore, if there is any turn- 
over within the intact protein, then the rates for 
the various amino acid residues may be quite dif- 
ferent. In this event the term “albumin turnover” 
would be quite meaningless unless qualified by ref- 
erence to a specific amino acid. Multiple isotope 
labeling in different amino acid positions may 
clarify some of these problems. 

Where N, C or S isotopes are used it is reason- 
able to expect an error in the labeled amino acid 
turnover rates obtained because of reutilization of 
some fraction of the isotope released by protein 
degradation. This particular error is probably of 
no significance in data obtained from I'*" labeled 
protein studies, especially in the presence of thy- 
roid blockage. In the absence of thyroid binding, 
I*** administered as iodide (12, 13) or as di-iodo- 
tyrosine (14) is almost quantitatively recovered in 
the urine within 48 to 72 hours. Further evidence 
is offered by the recovery of all detectable plasma 
radioactivity in the electrophoretically separated 
albumin fraction, 

The final question concerns possible differences 
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among the albumins synthesized by the body in 
health and various disease states, and whether 
pooled serum albumin is handled in the same 
fashion as endogenous protein. In cirrhosis and 
the nephrotic syndrone, Luetscher (15) has dem- 
onstrated an alteration in the ratio between the two 
components of human serum albumin normally 
demonstrable in the electrophoresis apparatus at 
pH 4.0. Therefore, isolation and labeling of the 
subject’s own albumin would be a more valid tech- 
nique, but the accumulation of any considerable 
mass of data by this method represents a formi- 
dable undertaking. 

In view of these considerations, it is advisable 
until further information is available, to interpret 
the observations presented here, and in similar 
stuches, simply in terms of separation of the radio- 
active label from the protein, especially when deal- 
ing with degradation rates. In the case of distri- 
bution phenomena it is more probable that the be- 
haviour of I'*' labeled albumin closely reflects that 
of the native protein. The distribution studies 
have clearly demonstrated that mixing in the en- 
tire exchangeable albumin pool is not essentially 
complete until 4 to 7 days after administration and 
may be even more prolonged in subjects with mas- 
Schoenberger, Kroll, Sakamoto, and 
Kark (16) studied the rate of appearance of I'*' 
labeled albumin in the ascitic fluid of a cirrhotic 
subject in a manner similar to that reported here. 
They found that equilibrium between plasma and 
ascitic fluid took 38 and 47 hours in the two stud- 
ies performed on their patient. However, at the 
time of the studies, their subject had ascitic fluid 
volumes of only 890 and 1950 ml., respectively. 
Their results, therefore, are not inconsistent with 
our findings of 9 to 10 day equilibration periods in 
subjects with ascitic fluid compartments of 7 to 
19 liters. 
the peritoneal surface was even greater in our sub- 
ject than in theirs. 

Previous studies (3, 16, 17), which have dealt 
only with observation periods of 11 to 15 days or 
less, have reported significantly faster degrada- 
tion rates than in the present study. In general, 
these rates were calculated from plasma points 
taken as early as the third day. Inspection of the 
published curves in these reports indicates that a 
possible flattening out of the curves has been ig- 
nored. Since distribution is usually not complete 


sive ascites. 


In fact, the albumin transfer rate across 
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for 4 to 7 days, inclusion of these early points re- 
sults in an apparent but erroneous fast rate of 
degradation. Furthermore, the presence of slower 
components is likely to escape detection unless ob- 
servations are carried out for a period of time suffi- 
cient to account for the excretion of most of the 
administered dose. 

Although the experiments with heavily iodinated 
albumin may explain the presence of multiple com- 
ponents with different degradation rates, there is 
evidence to support the concept of more than one 
native serum albumin. The presence of two elec- 
trophoretically distinct albumin components at pH 
4.0 observed by Luetscher (15) has been con- 
firmed by Cohn, Hughes, and Weare (18). Ac- 
cording to Hughes (19, 20) more than half of 
normal serum albumin is mercaptalbumin with a 
single available sulfhydryl group per molecule, 
the remaining serum albumins appearing to have 
no available sulfhydryl groups. The labeling of 
these various fractions should be of interest. 

Whether the multicomponent systems observed 
in the present study were related entirely to arti- 
facts produced by iodination or in part to different 
native albumins, the major component in the best 
preparations was degraded at the slowest rate 
which approximated a half time of 15 to 23 days. 
These values are consistent with the results ob- 
tained by biosynthetic techniques (1, 2). How- 
ever, in light of the previous discussion, conclusions 
based on this similarity in rates must be guarded. 
The marked variability of degradation rates ob- 
served in the different lots of radioiodinated al- 
bumin further emphasizes the need for a conserva- 
It is hoped that further studies 
will be directed along the lines of these inquiries 
before precarious deductions are formulated on the 
” rates. 


tive approach. 


basis of I'** labeled protein “turnover 


SUMMARY AND CONCLUSIONS 


1. I'*' labeled human serum albumin was ad- 
ministered intravenously to 46 subjects in 53 ex- 
periments. Plasma, urine, fecal and ascitic fluid 
concentrations of radioactivitv were followed for 
periods up to six weeks. Various body sites were 
assayed by im vivo techniques. 

2. The reached 
equilibrium in 4 to 7 days except in subjects with 


labeled albumin distribution 


massive ascites where this period was prolonged. 


The apparent space of distribution in non-ascitic 
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subjects averaged about 2.5 times the plasma vol- 
ume. Two apparent rates of transfer between 
plasma and extravascular spaces, with half times 
of approximately 3 and 24 hours, were observed. 

3. Radioactivity released by degradation of the 
protein-iodine bond was almost completely ac- 


counted for by renal excretion in the presence of 


thyroid blockage. 

4. Where observation periods were adequate, 
independent determinations of degradation rates 
Most 


lots of I*** labeled albumin utilized contained vari- 


from plasma and urine data agreed well. 


able quantities of rapidly degraded components. 
The major components in the best lots were de- 
graded at a rate of about 4 per cent per day (T,/, 

17 days), or less, which agrees well with values 
obtained by biosynthetic methods but not with 
those previously reported by this method. 

5. It is concluded that the validity of the I’ 
labeled albumin as a tracer for the study of en- 
dogenous albumin “turnover” rates has not been 
unequivocally demonstrated. Reasons for the dis- 
agreement with results of previous studies along 
the same lines are discussed. 


APPENDIX A 

Effect of renal removal of iodide on the renal excretion curve 

The I of fragments released from the degraded protein 
is probably very rapidly converted to iodide, as has been 
demonstrated for di-iodotyrosine (14). At normal renal 
clearance rates, the half time for renal excretion of iodide 
is about nine hours (21), approximately 84 per cent being 
excreted in a 24 hour period. 

Let 


A = quantity of I™ tagged albumin in the body, 
I = quantity of radioactive iodide in the body, 
U = cumulative quantity of radioactive iodide in the urine, 
ha = rate of degradation of iodo-albumin and release of ['*! 
from the protein bond, 
dh, = rate of renal excretion of radioactive iodide, 
then 
dU : ‘ meer: ae 
> as excretion of radioactive iodide per unit time. 
if 
Neglecting the very short time for conversion of radio- 
active iodinated tyrosine to radioactive iodide, 
dA 
dt 
dy 
dt 
du 
dt 


— haA (/) 
— Al + AwA 


= d,I. 
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Integrating and substituting, we obtain: 


A = Age rat (4) 


_raAo_ sAgt — --A,t 
“a pa he (e~" e ) (5) 
dU ArhaAo 


oe (eat — es*) (renal excretion curve). (6) 
e~ Ad 


If all the radioiodine released by iodo-albumin degrada- 
tion were instantly excreted in the urine: 
dU 
—— = aA “f 
at 4 (7) 
substituting (4) 


o = AgAge*4* (albumin degradation curve). (8) 

Since ), is of the order of 25 to 40 times as great as dq 
even at moderately low renal clearance rates, it is clear, 
that within a short time, the second term in the brackets 
of equation (6) becomes relatively insignificant and the 
curves of (6) and (8) become virtually identical except for 
slightly different intercepts. Theoretical curves have been 
plotted for equations (6) and (8) with half times for 
renal removal of iodide and albumin degradation of 9 hours 
(0.375 days) and 15 days, respectively. It is apparent 
(Figure 11) that, at these rates, the renal excretion curve 
becomes virtually identical with the curve of iodo-albumin 
degradation after the first day or so. 


APPENDIX B 


Effect of multiple components on the characteristics of the 
plasma concentration and the renal excretion curves 
Let P and Q be quantities of different iodo-albumins, 

p and q, degraded at rates Ap and dg, respectively, where 
Ap > Aq Then, 

P = Pes! 

Q = Qee rs". 
If the apparent space of distribution remains constant, 
the total amount of iodo-albumin, A, at any time, t, 
remains constantly proportional to the plasma concentra- 
tion of iodo-albumin, c. Thus A = ke where k is a con- 
stant equal to the apparent space of distribution. Dis- 
regard the mixing phase during which the iodo-albumin 
reaches equal specific activity in all compartments of the 
albumin pool. Then, 


A = kc = Poet + Qoev*, (1) 


Assume that all degraded protein radioactivity appears in 
the urine immediately, which is a good approximation 
(see Appendix A). Then, 
dA 
u=-- 
dt 
u = renal excretion per unit time. 


= dpPoe se! + AqQoe™*a! (2) 


Equation (/) is essentially the plasma concentration curve 
Both 
obviously have the same form being resolved into two 
exponential terms. 
but have different relative intercepts. 


and equation (2) is the urine excretion curve. 


The corresponding slopes are identical 
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Since Ap > Aq, 

MyPo. Po 

AaQo~ Qo 
The renal excretion curve, therefore, has a relatively larger 
first term than the plasma concentration curve. It follows, 
then, that the renal excretion curve will have a sharper 
slope at all times than the plasma concentration curve, 
that this difference will be more marked ir the earlier 
segments and that the approach to a single exponential 
straight line decay of the terminal segment will be apparent 
earlier in the plasma concentration curve. These are the 
very characteristics of the curves observed in these studies. 


APPENDIX C 


Exchange of iodo-albumin between plasma and ascitic fluid 
following intravenous administration 

Constancy of albumin concentrations, volumes of the 
various compartments and transfer rates are assumed. 
Since exchange between plasma and ascitic fluid is rapid 
compared with the rate of degradation, differences in 
specific activity in the two compartments resulting from 
differential degradation in the compartments is neglected. 

Let 


P’ = total iodo-albumin in plasma compartment, p, con- 
taining P grams albumin 

F’ = total iodo-albumin in ascitic fluid compartment, f, 
containing F grams albumin 

Q’ = total iodo-albumin in all other extravascular com- 
partments, q, containing Q grams albumin 

P’ + Q’ = M’ = total extraperitoneal iodo-albumin. 

a) Under the assumption that equilibrium between p 
and q is rapid as compared with that between p and f, m 
may be regarded as a single pool in exchange with f. 
Then, 

dM’ 
yy 
dF’ 
dt 


= — A\mM’ + iF’ (1) 


= — \yF’ + AmM’ 

where 
Am is the rate of transfer of iodo-albumin from m to f 
A- is the rate of transfer of iodo-albumin from f to m 


and at equilibrium 
AmM! = AGF’. 


Solving equations (/) and (2) and integrating, we obtain, 
F’ = (M’y — M’g)(1 — en Orta) (3) 
M’ = M’sz + (Mo a M’g)e~ ttm") (4) 


where M’, and M’g are zero-time and equilibrium values, 
respectively. 


In subject H, the ascitic fluid volume was not measured 
during the period of equilibration. Total ascitic fluid 
iodo-albumin was estimated as the difference between 
total exchangeable albumin and 2.5 times total plasma 
albumin (since the ratio of extravascular to plasma albumin 
in nonascitic subjects is approximately 60/40). The 
values obtained for endogenous albumin in the various 
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compartments are then 

TEA = 354 grams 

4 110 grams 

Q = 165 grams 

F = 79 grams. 

The ascitic fluid albumin concentration was 1.18 grams 

per 100 ml. indicating an ascitic fluid volume of 7.5 liters 
which appeared reasonable. 

Since 


(Total exchangeable albumin) 


AmM = AQF. 
Then, 


ee 


i MM oe 


(5) 


From the ascitic fluid distribution curve (Figure 6) and, 
equation (3) 
Am + A¢ = .0150 per hour. (6) 


Solving (5) and (6) we obtain, 


Ay = .0117 per hour 
Am = .0033 per hour. 


The rate of transfer of albumin across the peritoneal 
surface in either direction is then 


AF = AwM = .92 gram per hour. 


b) Under the assumption that plasma albumin is dis- 
tributing into ascitic fluid alone, the resulting equations 
derived similarly to (3) and (4) are 


FB? a (P’o 7 Py) (1 aa OrtApt)) (7) 
P’ = P’p + (Po — P’ee" Oro) (8) 


where P’y and P’g are zero time and equilibrium values, 
respectively, A, is the transfer rate of iodo-albumin from 
plasma to ascitic fluid and A, is the transfer rate of iodo- 
albumin from ascitic fluid to plasma. Now, if the same 
values for P and F are taken as in Method a) and solved 
in the same manner, 


At = 0.0087 per hour 
Ap = 0.0063 per hour 
AWF = A,P = .69 gram per hour. 


The true value probably lies between the values obtained 
by Method a) and Method b). During the period of 
study there was a net increase in ascitic fluid albumin of 
approximately 4 grams per day (see text). Thus, the 
rate for passage from plasma to ascitic fluid was 0.17 gram 
per hour greater than in the reverse direction. 
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Corticosterone is a naturally occurring adrenal 
corticosteroid which has been isolated from adrenal 
gland extracts (1, 2), adrenal perfusates (3, 4) 
and adrenal vein blood (5). Biosynthesis has 


made this steroid available for clinical studies. 
It has been demonstrated to influence carbohydrate, 
nitrogen, and electrolyte metabolism (6, 7), but 
to be devoid of antirheumatic effects (8). These 
studies were undertaken to investigate further its 
metabolic and antirheumatic properties. 


PROCEDURE 


Corticosterone was administered by mouth in doses of 
100 milligrams every 8 hours for 8 days to one patient 
with typical, moderately severe rheumatoid arthritis. All 
treatment was discontinued prior to the experiment with 
the exception of 20 hours bed rest per day and active bed 
exercises twice daily. Subjective changes in the arthri- 
tis were determined daily by questioning the patient on 
the degree of fatigue, weakness, aching, stiffness, soreness, 
and pain at rest. Objective changes were determined 
daily by inspection and palpation of the involved struc- 
tures by two observers. Balance studies were performed 
on constant diet and fluid intake by methods described 
by Reifenstein, Albright, and Wells (9). Stools were 
collected in four-day periods, and urines in two-day pe- 
riods. Oral arterial and venous glucose tolerance tests 
were carried out during the control period and at the 
termination of treatment. 

Case summary. The patient, a 34 year old male (MGH 
No. 717532), had enjoyed good health until twenty-seven 
months before admission, when he developed pain and 
stiffness of the temporomandibular joints. These symp- 
toms subsided within two weeks. He remained well un- 
til twenty-three months before entry, when he developed 
pain, stiffness, and swelling of the elbows, wrists, fingers, 
knees, and ankles. His symptoms remained constant un- 
til fifteen months before entry, when pain in the hips, 

1 This publication No. 143 of the Robert W. Lovett 
Memorial Foundation for the study of crippling disease, 
Harvard Medical School. The expenses of the investiga- 
tion were defrayed in part by a grant from the Common- 
wealth Fund. 


shoulders, and cervical spine increased. He had had no 
chills, fever, cardiac, gastro-intestinal or genito-urinary 
symptoms. He had had anorexia, weight loss of ten 
pounds, moderate fatigue, and persistent conjunctivitis. 

One year vefore this study, he was given 150 milligrams 
of hydrocortisone acetate daily for eight days. At the 
completion of treatment, he was asymptomatic except for 
mild aching of both shoulders. However, slight to moder- 
ate thickening of both elbows and the right wrist remained. 
He continued unchanged for seven days after treatment, 
but on the eighth day pain reappeared. Relapse was com- 
plete at the end of four weeks. Nine months before entry 
he was treated with intramuscular cortisone acetate under 
identical conditions as hydrocortisone acetate and with 
similar results. Complete relapse again appeared in four 
weeks, and his condition remained unchanged to the 
present study. 

Physical examination revealed a thin, tense man with 
prominent eyes and bilateral pterygii. His temperature 
was 98.6° F. and blood pressure, 140/90. A grade I 
apical systolic murmur was present, but cardiac size and 
rhythm were normal. The liver and spleen were not 
palpable. A few small lymph nodes were palpable in the 
axillae. 

Examination of the joints revealed slight restriction of 
motion of the temporomandibular joints and cervical spine. 
The proximal phalangeal joints of all fingers and the sec- 
ond and third metacarpo-phalangeal joints bilaterally were 
tender and swollen with small effusions. Both wrists 
were swollen and tender. The elbows were warm, tender, 
and swollen with effusions. The fingers, wrists and el- 
bows were limited in motion. The shoulders had normai, 
but painful, passive motion. The lower extremities were 
normal except for slight thickening of the knees, limita- 
tion of dorsi-flexion of the ankles, and tenderness of the 
metatarso-phalangeal joints. Smali subcutaneous nodules 
were present over both upper ulnae and both lateral 
malleoli. Muscle atrophy was pronounced about the 
shoulder girdles and in the forearms and thighs. 

Laboratory findings on admission consisted of a normal 
urinalysis, a hemoglobin of 16 grams per cent, and total 
white blood count of 8,500. X-ray examinations of the 
hands, elbows, shoulders, knees, ankles, and feet showed 
the bones to be well mineralized. There was some soft 
tissue thickening about the proximal phalangeal joints. 
Small cystic areas of rarefaction were seen in some of 
the carpal bones. 
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METHODS ing scheme. The precontrol base-line is given a 

The following methods were used: sodium and potassium value of 100 on os ay. ; Shaded areas above 

—flame photometer (10), chloride—Wilson and Ball this line indicate increased activity, and clear areas 

(11), nitrogen—Preg! (12), calcium—Fiske and Logan below this line, improvement. 

(13), phosphorus—Fiske and Subbarow (14), 17 keto- The patient remained afebrile throughout the 

steroids—Nathanson and Wilson (15), sedimentation rate experiment, On the third hospital day aspirin (3 

—Rourke and Ernstene (16), serum glucose--Nelson viitinn ate day elie Gaoitteid Dates the 
(17), eosinophils—Randolph (18). _ Po 7 oe 7 — : § : 

next three days there was a moderate increase in 

RESULTS pain, stiffness, fatigue, and anorexia. A slight in- 

crease in swelling of the midphalangeal joints oc- 

curred. Symptoms and signs remained constant 

The changes in the arthritis starting with the until the nineteenth hospital day, that is, two days 

control period are shown in Figure 1 by the follow- _ before starting corticosterone, when pain and stiff- 


Clinical Results 
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* Each period represents two days. 
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ness suddenly increased in both shoulders. Corti- 
costerone was begun on the twenty-first hospital 
day and continued for eight days. During the first 
four days of hormone therapy, there was no change 
in subjective or objective clinical manifestations. 
On the fifth and sixth days of therapy, the shoulder 
pain that had appeared two days before treatment 
subsided, and stiffness and pain generally de- 
creased. On the seventh day, general stiffness and 
pain and swelling of the midphalangeal joints and 
wrists increased, and moderate effusions appeared 
in both knees. His clinical status was unchanged 
on the eighth day. During the first two days fol- 
lowing treatment, He 
was discharged nine days after treatment without 
further changes. 


knee swelling increased. 


Laboratory Results 


The corrected erythrocyte sedimentation rate 
(Figure 1) was 0.60 millimeter per minute on two 
occasions during a two-week period prior to ther- 
apy. It ranged between 0.43 and 0.50 millimeter 
per minute during therapy and between 0.72 and 
0.83 millimeter per minute during the recovery pe- 
riod. Synovial fluid was aspirated on the second 
post-treatment day. Its white cell count was 7,275 
cells per cubic millimeter with 71 per cent poly- 
morphonuclear leukocytes, 10 per cent lympho- 
cytes, and 19 per cent monocytes. 
precipitated in a soft, stringy clump, leaving a 
slightly cloudy solution, The fasting synovial 
fluid sugar was 22 milligrams per cent, while the 
serum sugar was 61 milligrams per cent. The 
number of circulating eosinophils were lower dur- 
ing treatment, but a striking decrease appeared 
in only one of seven determinations (Figure 1). 


The mucin 


Results of Balance Studies 


Balance data are shown graphically in Figure 1 
and tabulated in Table I. Diet values are shown 
in Table II. 

TABLE II 
Results of diet analysis* 


Sodium 
Chloride 
Potassium 
Calcium 
Phosphorus 
Nitrogen 


122.7 
126.8 


mEq. 
mEq. 
117.4 mEq. 
654.0 mgms. 
1.65 gms. 
19.52 gms. 





* Values represent two-day periods. 
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TABLE Ill 
Theoretical and actual phosphorus balances 








Theoretical Actual 


P balance 


—0.539 
—0.568 
—0.344 
—0.337 
— 0.342 
— 0.266 
—0.360 
~—0.211 
— 0.548 
—0.339 
— 0.366 
—0.335 


Periods 





Conan wnrne 


The following scheme of illustrating actual bal- 
ance data is used. Intake is plotted downward 
from a horizontal base-line marked zero, and stool 
and urine values are plotted upward from the in- 
take line. Shaded areas above the base-line indi- 
cate negative balances and clear areas below the 
base-line indicate positive balances. The ordinate 
scales for nitrogen, phosphorus, and potassium are 
chosen on the basis of ratios for protoplasm (9, 19) 
and bone (9, 20), so that phosphorus balance 
should equal the sum of the corresponding areas 
for nitrogen and calcium balances, and potassium 
balance should equal nitrogen balance. Ordinate 
scales for sodium and chloride are the same as 
potassium, 

Cumulative electrolyte balances, shown also in 
Figure 1, were derived by subtracting the control 
averages from the actual balances and adding the 
results of each period to the preceding period. The 
metabolic findings were as follows: 


(a) Nitrogen metabolism. During control pe- 
riods, the patient was in negative nitrogen balance. 
Slight nitrogen retention occurred during the ad- 
ministration of corticosterone. Nitrogen excre- 
tion increased for two days following treatment, 
then decreased. Changes in nitrogen excretion 
thus correlated poorly with administration of the 
hormone. 

(b) Phosphorus metabolism. Phosphorus ex- 
cretion decreased slightly during treatment and 
increased subsequent to treatment. The theoreti- 
cal phosphorus balances, derived from calcium 
balances (calcium balance + 2.23) (20), and ni- 
trogen balances (nitrogen balance + 14.7) (19), 
were in good agreement with actual phosphorus 
balances, although throughout the experiment ac- 


tual phosphorus loss exceeded the theoretical phos- 
phorus loss (Table III). Serum phosphorus in- 
creased during therapy. 

(c) Calcium metabolism. Urinary calcium re- 
mained almost constant during therapy but in- 
creased for two days following therapy during a 
period of diuresis. 

(d) Potassium metabolism. Potassium reten- 
tion during treatment is shown in both actual and 
cumulative balance data. Potassium gained dur- 
ing treatment was not lost during the recovery pe- 
riod and could be in part due to sweat losses. 

Cumulative potassium balances were also de- 
rived after correcting actual potassium balances 
for actual nitrogen balances (potassium balance— 
nitrogen balance X 2.7) (21), to estimate potas- 
sium gained or lost as intracellular fluid and/or 
glycogen (9). Although these derived data re- 
vealed potassium being retained both in relation 
to protoplasm and intracellular fluid, or glycogen, 
some potassium may have been lost in sweat since 
perspiration noticeably increased during  treat- 
ment. Serum potassium decreased slightly during 
therapy. 

(e) Sodium and chloride metabolism. Actual 
and cumulative balance data revealed sodium re- 
tention during therapy and loss during recovery 
periods. Cumulative data revealed that the post- 
treatment sodium loss was greater than the gain 
during treatment. Chloride balances were almost 
identical to sodium balances. 
chloride increased during therapy, but serum chlo- 
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EFFECTS OF CORTICOSTERONE 


ride did not exceed one unusually high control 
value. 

(f) Body weight. Changes in actual and theo- 
retical weight, calculated from potassium balances 
(intracellular fluid), sodium balances (extracellu- 
lar fluid), and nitrogen balances (protoplasm), by 
methods described by Reifenstein, Albright, and 
Wells (9), are shown in Figure 1. Theoretical 
weight increases, derived from potassium and so- 
dium balances, were greater than actual increases. 
Sweating, which was noticeably increased during 
therapy, could account for this discrepancy. The 
actual weight increase on therapy seemed to re- 
late entirely to fluid retention. 

(g) 17 Ketosteroid excretion. Urinary 17 
ketosteroid values (shown graphically in Figure 
1) decreased slightly during treatment and re- 
covery periods. These changes were not consid- 
ered significant. 

(h) Carbohydrate tolerance. Arterial and ve- 
nous glucose tolerance curves during therapy (Fig- 
ure 2) were not significantly different from con- 
trol curves. Serum phosphorus decreases fol- 
lowing glucose ingestion were approximately the 
same before and during treatment. There was no 
glycosuria in daily specimens or during glucose 
tolerance studies. 


DISCUSSION 


The appearance of knee involvement with ef- 
fusions suggested an actual increase in the activity 
of the rheumatoid arthritis during treatment with 


corticosterone. Since the knee effusions contin- 
ued beyond the period of post-treatment diuresis 
of sodium, they could not be attributed to sodium 
retention and probably represented a fluctuation 
in the natural course of the disease. Thus it would 
appear that corticosterone had neither a favorable 
nor unfavorable effect on the arthritis. 

Retention of sodium and chloride induced by 
corticosterone in this experiment agreed with the 
observations of Conn, Fajans, Louis, and John- 
son (7). The potassium retention was unexpected 
and there was no comparable potassium loss dur- 
ing recovery periods. There was some correla- 
tion between potassium retention and nitrogen re- 
tention which also continued through the recovery 
periods. All potassium retained could not be ex- 
plained by nitrogen retention and the unexplained 
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potassium gained could be due to the deposition of 
glycogen or, possibly, losses in sweat. In favor of 
the latter explanation are slight discrepancies in 
the theoretical and actual weight curves and the 
cumulative loss of potassium unrelated to nitrogen 
through the recovery period. 

Conn, Fajans, Louis, and Johnson have demon- 
strated that corticosterone prevents hypoglycemia, 
decreases glucose tolerance, and increases insulin 
tolerance (7). Similar effects on human carbo- 
hydrate metabolism, particularly in patients with 
Addison's disease, had also been observed by Thorn 
and Forsham (6). The negative data on carbo- 
hydrate activity described in this paper do not in- 
validate these observations since patients with 
adrenal insufficiency are more sensitive subjects 
for evaluation of this metabolic effect. 

Like corticosterone, dehydrocorticosterone also 
has been found to have some carbohydrate activity 
(6) but no ameliorative effects in rheumatoid ar- 
thritis (22), and studies thus far with these two 
hormones suggest that carbohydrate activity does 
not endow a steroid with antirheumatic properties. 
Conversely, no steroid has been found as yet to 
have antirheumatic properties that does not have 
carbohydrate activity. Also, cortisone and hydro- 
cortisone are more potent carbohydrate active 
steroids than corticosterone and dehydrocorticos- 
terone (6), and it is possible that the administra- 
tion of larger doses of the latter two steroids would 
favorably influence rheumatoid arthritis. Cumu- 
lative evidence suggests that only corticosteroids 
with active groups at both the carbon 11 and 17 
positions have antirheumatic effects. 


SUMMARY AND CONCLUSIONS 


The administration of corticosterone to one pa- 
tient with rheumatoid arthritis caused marked so- 
dium and chloride retention but had no anti- 
rheumatic effects. No significant changes in car- 
bohydrate tolerance or calcium and nitrogen ex- 
cretion were evident from the administration of 
this hormone. Although the data indicated potas- 
sium retention, it is doubted that it was a definite 
hormone effect. 
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In an earlier report (1) an experiment was de- 
scribed in which a test dose of glycine-N*® was 
fed to a gouty subject and the abundance of N* in 
uric acid as well as in other urinary constituents 
was measured for several days. It was found that 
three times as much of the administered N*® 
could be recovered in urinary uric acid in the 
gouty subject as in the two normal subjects 
studied. 

The gouty subject used in this initial study had 
been deliberately selected on the basis of his ex- 
cessive basal urinary uric acid excretion in order 
to determine whether increased basal urinary ex- 
cretion of uric acid, which has been found to oc- 
cur in about 25 per cent of all gouty subjects stud- 
ied (2), can properly be ascribed to overproduc- 
tion of uric acid. In the present report are in- 
cluded similar experiments on three further gouty 
subjects, one also excreting excessive quantities 
of uric acid in the urine, the other two excreting 
amounts within the normal range under the pre- 
scribed dietary conditions. 


METHODS AND MATERIALS 


All subjects were maintained on a constant low purine, 
restricted protein diet (Table I) for 5 to 10 days before 
administration of glycine and thereafter throughout the 
period of urine collections. Estimations of urinary ex- 
cretion of uric acid and total nitrogen were made during 
the preliminary and experimental periods. 

Isotopic glycine (N* = 60.5 atom per cent excess) was 
fed with breakfast to each subject at a dosage level of 
100 mg. per Kg. of body weight. All synthetic, isolation 
and analytical procedures were conducted precisely as in 
the earlier experiment. In one subject (A. R.) the mag- 
nitude and turnover rate of the miscible pool of uric 
acid were determined (3) following intravenous injec- 
tion of 100 mg. of uric acid-1, 3-N”™. 


1 This work was carried out with the support of a 
grant-in-aid from the National Institute of Arthritis and 
Metabolic Diseases, National Institutes of Health. 


Subjects 


The gouty subjects selected for study all had unequivo 
cal evidence of the disease, were in about the same (rela- 
tively young) age group, had about the same duration of 
clinical symptoms with similar course, and could not be 
differentiated ov clinical grounds. The one significantly 
different finding was that H. G. and D. R. consistently 
excreted unequivocally greater than normal amounts of 
uric acid in the urine on the indicated diet whereas the 
urinary urate excretion of A. R. and J. R. consistently 
remained within normal limits (Table I). 

The normal subjects, E. B. and M. R. were described 
in an earlier report (1). The clinical history of gouty 
subject D. R. also has been described (1). 

H. G., a 38 year old white male, had his first attack of 
gout at the age of 25. In the past 13 years, acute at- 
tacks were never frequent but increased in severity. His 
mother was stated to have arthritis, but there is no family 
history of gout. A small tophus in one ear and a punched- 
out area seen on X-ray at the first left metatarsal joint 
have been noted. Routine urinalysis was normal; serum 
NPN, 34 mg. per 100 ml.; inulin clearance, 117 ml. per 
min. (91.5 ml. per min. after correction for surface area) ; 
serum uric acid, 10.0 to 12.0 mg. per 100 ml 

A. R., a 42 year old white male, had his first attack of 
acute gout at 34. Acute attacks have increased in fre- 
quency, occurring weekly or fortnightly prior to No- 
vember, 1950. He has been on a regimen of colchicine 
prophylaxis since that time. There are no superficial 
tophi, but X-ray reveals punched-out areas at the bases 
of both great toes. Routine urinalysis was normal; se 
rum NPN, 30 to 35 mg. per 100 ml.; PSP excretion, 80 
per cent after 2 hours; inulin clearance, 100 ml. per min. 
(88.2 ml. per min. after correction for surface area) ; se- 
rum uric acid 9.0 to 10.0 mg. per 100 ml. 

J. R., a 40 year old white male, had his first attack of 
gout at age 31. The maternal grandfather and two of nine 
siblings have had gout. Both parents and five siblings have 
hyperuricemia. Colchicine was of benefit both therapeu- 
tically and prophylactically. No tophi have been found, 
nor is there evidence of tophaceous deposits on X-ray ex- 
amination. Routine urinalysis was normal; blood urea 
nitrogen, 16 mg. per 100 ml.; inulin clearance, 98.5 ml. per 
min. (87.7 ml. per min. after correction for surface 
area) ; serum uric acid, 8.5 to 10.0 mg. per 100 ml. 
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The concentration of N” as atom per cent excess has 
been plotted against time in days. 


RESULTS AND DISCUSSION 


The concentrations of N’*® in urinary uric acid 
following the ingestion of a single test dose of 
glycine-N’® are plotted as a function of time in 
Figure 1. In two of the gouty subjects, D. R. and 
H. G., far higher concentrations of isotope are 
found than in the normal control experiments 
(M. R. and E. B.); the initial rise is more rapid 
as is also the subsequent decline in N** abundance. 
Maxima are obtained in these two cases on the sec- 
ond day, where in the normals, maxima appear 
on the third or fourth day. Subject A. R. excreted 
uric acid which may be somewhat more enriched 
with N'* than normal. Subject J. R., on the other 
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The per cent of the total dose of administered N* which 
was excreted has been plotted cumulatively. 


hand, gave normal values for the first few days 
after feeding of glycine-N**® but, in contrast to the 
normal subjects, the uric acid excreted by this 
subject continued to show progressive enrichment 
with N'® up to the ninth day. The experiment 
upon this last subject was repeated and essentially 
superimposable data were obtained. 

From the quantity of N’® fed, the quantity of 
uric acid excreted in each day’s urine and the N'® 
concentration in this uric acid, the percentage of 
the administered dose of N** excreted as uric acid 
has been calculated and this information is plotted 


TABLE I 











Per cent of dose of administered N'® excreted as uric acid and as total nitrogen over a nine day period 


Daily dietary intake* 
Protein 
—— - Fat COH 
a. ./ke g. g. 


Per cent of N'5 fed 


Daily excretion excreted as 





Total N Uric acid N Total N Uricacid N 


Calories &. me. 





E. B.t 48 
M. R.t 80 
Gouty_ 


33.0 
45.4 


0.125 
0.153 


1314 4§ 
159+ 8 


50.9 
44.6 
39.7 
41.2 
46.5 


0.563 
0.453 
0.198 
0.142 
0.130 


334 + 36 
228+ 6 
144 + 14 
1314+ 5§ 
134 + 10 


3,025 
2,235 
1,645 
1,640 , 
1,700 11. 


H.G. 75 : 45 580 
90 68 } 67 =340 
85.5 50 F 70 =—-.205 
84.5 59 67 200 
89 74 } 65 205 





* Diet limited to cereals and other grain products, milk and milk products, eggs, non-leguminous vegetables and 
fruits; no meats, fish or fowl. 

t From previous report (1). 

t Average deviation. 

§ Mean urinary uric acid N excretion of 13 normal subjects on basal diet: 139 + 23 mg. per 24 hr. 
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cumulatively in Figure 2. It will be seen that at 
all times gouty subjects H. G. and D. R. had elimi- 
nated a larger fraction of administered glycine ni- 
trogen as uric acid than had the normal subjects. 
Subject A. R. certainly did not deviate markedly 
from normal in this regard, whereas subject J. R. 
appears to fall within the normal range. 

In Table I are given the results of accumulated 
excretions over the nine-day period following feed- 
ing of glycine-N*®. The normal subjects excreted 
0.12 to 0.15 per cent of the ingested N*® as uric 
acid in this time interval. Subject J. R., studied 
on two occasions, excreted 0.13 to 0.14 per cent, 
whereas subject A. R. excreted 0.20 per cent of 
administered glycine nitrogen as uric acid. A far 
higher fraction, three to four times normal, was 
found in the two subjects H. G. and D. R., who 
excreted 0.56 and 0.45 per cent, respectively, of 
dietary glycine nitrogen as urinary uric acid. 

In two of the patients studied (H. G. and D. R.) 
there is unequivocal evidence for abnormally rapid 
incorporation of dietary glycine nitrogen into uric 
acid. In the remaining two patients this effect is 
either unimpressive or absent. A good rank order 
correlation is to be noted between the daily excre- 


tion of uric acid in the urine and the per cent of 
ingested isotope appearing in urinary uric acid 


(see Table I). It would seem as though patients 
suffering from gout may crudely be divided into 
two types, those who synthesize uric acid abnor- 
mally rapidly and, given normal renal function, 
are prone to excrete large amounts of uric acid 
in the urine, and those who are within normal 
limits in these two regards. Muller and Bauer 
have recently described a case belonging to the 
latter category (4). Whether this difference re- 
sults from an actual difference in the pathological 
process or whether it represents the same process 
at different stages remains to be determined. 

The possibility was entertained that the gouty 
patients whose uric acid was not isotopically en- 
riched above that of the normal subject might also 
be overproducing uric acid. Such overproduction 
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might not be apparent in the isotope values if 
the miscible pool of uric acid were excessively 
large. A very large miscible pool of preformed 
uric acid would dilute the isotope in the newly syn- 
thesized uric acid. The magnitude of the miscible 
pool of uric acid in patient A. R. has therefore been 
determined (3) and was found to be 1,500 mg. 
(aormal value, about 1,100 mg.). This value was 
not considered to deviate sufficiently from normal 
to permit the conclusion that any impressive over- 
production of uric acid was occurring in this 
patient. 
SUMMARY 


Glycine-N'® has been fed in a standard experi- 
ment to gouty subjects maintained on a purine- 
poor, restricted protein diet and the excretion of 
N'* in uric acid has been studied. 

In subjects who exhibited abnormally high 
basal uric acid excretions, an abnormally rapid 
incorporation of dietary glycine nitrogen into uric 
acid occurred. 
was approximately normal, no such evidence of 
accelerated uric acid synthesis was demonstrable. 

The significance of these results is discussed. 


In others whose basal excretion 
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In earlier studies the rate of incorporation of 
dietary glycine nitrogen into uric acid was meas- 
ured in normal and gouty men (1, 2). The ex- 
perimental procedure employed was to add a fixed 
quantity (100 mg. per Kg. of body weight) of 
glycine-N*® to the diet and to determine both the 
quantity of urinary uric acid and its isotope con- 
tent during the succeeding time intervals. 

In view of the increase in urinary uric acid ex- 
cretion which follows increased consumption of 
dietary protein, it has been deemed advisable, in 
some clinics, to restrict the protein intake in gout. 
It was considered of interest to explore the possible 
relationship between the level of protein in the 
diet and the rate of incorporation of dietary gly- 
cine nitrogen into uric acid in order to ascertain 
whether an increase in the rate of uric acid syn- 
thesis was indeed demonstrable when the con- 
sumption of dietary protein was enhanced. 


MATERIAL AND METHODS 


One normal (E. B.) and one gouty subject (D. R.) 
were selected for this study. Both have already been de- 
scribed (1), the gouty subject being known to excrete 


1 This work was carried out with the support of a grant- 
in-aid from the National Institute of Arthritis and Meta- 
bolic Diseases, National Institutes of Health. 


excessive quantities of uric acid in the urine and to in- 
corporate glycine-N” at an augmented rate when main- 
tained on a low protein diet (1). 

Two experiments were conducted on each subject, the 
first while on a relatively low purine diet (2), the sec- 
ond on the same diet fortified with skimmed milk powder 
(Lonalac) to increase the protein intake significantly 
(Table I) without material increase in fat, carbohydrate 
or total calories. A suitable interval, of 10 to 12 months, 
was allowed to elapse between experiments on each of 
these subjects in order to ensure absence of detectable 
isotopic enrichment after the initial feeding of N**-labeled 
glycine, as was demonstrated in each instance. The sub- 
jects were maintained on their respective diets at least one 
week before the dose of glycine-N” was administered. 

The same dosage of glycine-N” was used in all ex- 
periments (100 mg. per Kg. body weight). All of the 
synthetic and analytical methods employed were those 
previously described (1, 2). 


RESULTS 


Despite the fact that the isotopic glycine must 
have undergone somewhat greater dilution by non- 
isotopic glycine prior to absorption from the in- 
testine when the diet was fortified with protein, 
the uric acid excreted in the early period by both 
of these subjects was richer in isotope when they 
were on a high protein regimen (Table I, Figure 
1). This indication that incorporation of glycine 


TABLE I 
Per cent of dose of administered N'* excreted as uric acid and as total nitrogen by a normal (E. B.) and a gouty (D. R.) 


Daily excretion 


Protein 
intake Total N 
Subject & 
E. B. (1) 
E. B. (2) 
D.R. (1) 
D.R. (2) 


subject over a nine day period on a relatively low and relatively high protein diet 





Per cent of 
excreted N15 
in uric acid 
(100 B/A) 


0.38 
0.37 
1.02 
1.16 


Per cent of N fed excreted as 
Total N Uric acid N 
(A) (B) 
0.125 
0.195 
0.453 
0.603 


Uric acid N 
me. 





33.0 
52.1 
44.6 
52.1 


193 + 20 
228+ 6 
323 + 27 








* Average deviation. 
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nitrogen into uric acid is more rapid when on a 
high protein diet is confirmed by the more rapid 
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decline in isotope concentration in uric acid in the 
latter period of the experiment. At this time the 
glycine absorbed from the intestinal tract is, of 
course, predominantly glycine-N"*. 

These data, together with total N'® excretion 
data, have also been plotted as cumulative per- 
centages of the N'® fed which was excreted as 
total urinary nitrogen and as uric acid (Figures 2 
and 3). It will be noted that in both subjects an 
appreciably greater fraction of the administered 
glycine nitrogen was excreted in the total nitrogen 
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of the urine when a high protein diet was fed. 
This increase in total N'® excretion produced by 
dietary change is roughly paralleled by the in- 
crease in uric acid-N'® excretion. Indeed, in the 
normal subject (E. B., Table I) the per cent of 
excreted N?® which was found in uric acid ap- 
peared to be independent of the quantity of protein 
ingested. A change in protein intake which almost 
doubled the total urinary nitrogen excretion pro- 
duced no significant alteration in this percentage 
(0.38 and 0.37). In the gouty subject (D. R.) a 
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considerably larger per cent of the excreted N**® 
was recovered in uric acid (1.02 and 1.16 on low 
and high protein diets). It is questionable whether 
the change of diet had any significant influence on 
the percentage in this instance. 

When on a diet fortified with protein, both the 
normal and the gouty subject incorporated dietary 
glycine nitrogen, and presumably other dietary 
constituents, more rapidly into uric acid than when 
on a protein-poor diet. They also apparently de- 
livered nitrogen from glycine to urea more rapidly 
when the diet was protein-rich and these two proc- 
esses were accelerated in approximately parallel 
fashion. 

It is hardly necessary to point out that these 
observations are too few to permit of any definitive 
conclusions. The present results would, however, 
appear to support the validity of restriction of 
dietary protein in situations, like tophaceous gout, 
where it would appear desirable to reduce to a 
minimum the rate of uric acid synthesis. 


E. J. BIEN, T. F. YU, J. D. BENEDICT, A. B. GUTMAN, AND D. STETTEN, JR. 


SUMMARY 


Glycine-N*® has been fed in a standard experi- 
ment to one gouty and one normal subject, and the 
abundance of N*® in total urinary nitrogen and in 
urinary uric acid has been studied. Each subject 
was studied first while on a low protein diet and 
again while on a high protein diet. 

Both in the normal and in the gouty subject, uric 
acid synthesis was found to be accelerated when 
the diet was fortified with protein. This accelera- 
tion was approximately paralleled by an accelera- 
tion in other metabolic pathways of glycine. 
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It is now well established that the adrenal cortex 
is involved in some fundamental manner in the 
metabolic response to injury and illness, but the 
precise mechanism by which this gland exerts its 
influence remains clouded. Originally, based on 
the observations that certain of the metabolic re- 
sponses to injury do not occur in the absence of 
the adrenal cortex, and on the evidence of in- 
creased secretion of adrenal steroids during stress, 
it seemed reasonable to interpret the metabolic 
changes which occur after stress as direct mani- 
festations of hypersecretion of adrenocortico- 
trophic hormone (ACTH) and adrenocortical 
steroids (1, 2,3). The demonstration that over- 
dosage with ACTH or cortisone produced meta- 
bolic changes comparable to those after stress made 
such an interpretation even more attractive. 
However, as investigation in this area has been 
pursued, it has become increasingly apparent that 
the concept described above is an oversimplifica- 
tion and needs modification. Ingle, in a brilliant 
series of studies, beginning in 1943, has been 
chiefly responsible for demonstrating, in animals 
at least, that the adrenal cortex is not directly re- 
sponsible for the changes under consideration, al- 
though adrenocortical hormone must be present 
for certain of the changes to take place (4, 5, 6, 7, 
8). Thus, the adrenalectomized animal exhibits a 
normal metabolic response to injury if maintained 
with an amount of adrenocortical hormone which 
itself does not produce overdosage effects. Un- 
der such circumstances, no increase in adrenal ac- 
tivity is possible, and hence adrenocortical hor- 
mone may be considered as necessary but not re- 


1 Supported by a research grant from the National In- 
stitute of Arthritis and Metabolic Diseases of the Na- 
tional Institutes of Health, Public Health Service. 

2 Research Fellow in Medicine. 
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sponsible for certain of the observed metabolic 
and morphologic alterations after stress. Although 
the original interpretation of a direct participation 
of the adrenal cortex in the metabolic response to 
injury is still widely held, most investigators in 
this field, including Selye and others who were 
responsible for the concept, are now in agreement 
that the role of the adrenal is an indirect one (9, 
10). 

In this laboratory, attention has been directed 
for some years to the problem of the nature of the 
interrelationship between the adrenal cortex and 
stress in metabolism (11, 12, 13). Ingle’s obser- 
vations have been confirmed, using different tech- 
niques. Evidence has been adduced in the rat to 
indicate that hypersecretion of adrenal steroids is 
not necessary to initiate the metabolic response to 
injury, although a high level of secretion may be 
necessary to sustain it. Thus, it was found that 
even large doses of ACTH, infused intravenously 
into the fasted intact rat, produced only delayed 
effects on nitrogen metabolism, whereas stressful 
stimuli were followed by immediate changes. It 
was further shown that if adrenocortical extract 
is administered to rats subjected to a subthreshold 
stress, 1.e., one which induced either no or only 
a delayed increase in protein catabolism, the ani- 
mal responds with an immediate increase in ni- 
trogen metabolism, as if it had been subjected to 
a more severe stressful stimulus. These studies 
have led to the concept that the adrenal hormone 


in some manner permits the organism to respond 
metabolically to stressful stimuli, the magnitude of 
the response being dependent primarily on the 
stress stimulus unless an excess of adrenal hor- 


mone is present. In these terms, the so-called 
“overdosage effects” of exogenous adrenal steroids 
conceivably could be interpreted as over-responses 


to minor stressful stimuli, which under ordinary 
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circumstances, would have no measurable impact 
on metabolic processes, At the moment, of course, 
there is no positive proof for such a concept. The 
present study was designed to extend these obser- 
vations to one parameter of metabolism in man, 
namely carbohydrate tolerance. For this purpose, 
studies were made of the influence of cortisone 
acetate on the carbohydrate tolerance of normal 
healthy medical students as compared with ill pa- 
tients in the hospital. It was found, in confirma- 
tion of the views developed from the animal stud- 
ies, that subjects under the acute or chronic stress 
of organic illness exhibited a greater change from 
normal in glucose and insulin tolerance after a 
given dose of cortisone acetate than did healthy 
medical students similarly treated. 


MATERIALS AND METHODS 


The subjects for these studies were 143 normal medical 
and graduate students and 53 patients. Most of the latter 
group suffered from organic disease, although a few with 
severe neuroses were included. With the exception of 
the special diet control noted below, the students all ate 
ad libitum at the university dining halls. A dietary survey 
of a representative group of students indicated that the 
range of diet consumed by them ranged from 1900 to 
3000 calories a day with from 200 to 300 grams of carbo- 
hydrate, the majority of students consuming diets con- 
taining between 2,500 and 3,000 calories. The composi- 
tion of the dining hall diets was thus not notably different 
from the ward diet offered the patients, i.¢., 2,900 calories, 
with 110 grams protein, 290 grams of carbohydrate and 
140 grams of fat. The tolerance tests were performed on 
the students during the morning, after they had been sit- 
ting through the hour lecture period. Activity during 
the two to three hours required for the tolerance tests 
consisted of the walking about necessary to perform rou- 
tine experiments in Physiology. 

The ill subjects were selected as a cross-section of the 
ward population with organic diseases with the excep- 
tion of four subjects with anxiety states or hysteria. The 
latter did not respond differently from those with organic 
disease and hence were included. No patient with a dis- 
ease known specifically to modify carbohydrate tolerance, 
such as diabetes, liver disease or an endocrine disorder, 
was included. Patients with a family history of diabetes 
were excluded. Most patients were ambulatory to vary- 
ing degrees and where possible were not kept strictly in 
bed during the tests so that their activity would be com- 
parable to the student subjects. 

The tolerance tests employed were a standard oral glu- 
cose tolerance test, using 1 gram of glucose per kilo- 
gram body weight, a glucose-insulin tolerance test modi- 
fied from Fraser, Albright, and Smith (14), in which 0.1 
unit of regular insulin per kilogram body weight was 
administered intravenously simultaneously with the glu- 


BURNS, ENGEL, VIAU, SCOTT, JR., 


HOLLINGSWORTH, AND WERK 


cose by mouth (1 gram per kilogram body weight), and 
insulin tolerance tests, using %4o, Yo, Yo, and Ke unit of 
regular insulin per kilogram body weight intravenously. 
All subjects received 50 grams of glucose by mouth ten 
hours prior to the test in order to make the period of 
fast constant and to attempt to approximate an intake 
of carbohydrate of 300 grams or more on the day prior 
to the test. The insulin used was free of hyperglycemic 
factor. In order to minimize error in dosage, the insulin 
was diluted 1:20 with normal saline to increase the vol- 
ume of the injected solution. When cortisone was given, 
it was taken by mouth as the crystalline suspension to as- 
sure rapid absorption four hours prior to tolerance tests 
in the acute experiments and every six hours around the 
clock in the chronic experiments. In general, the dosage 
used in the acute experiments was 200 mg. as a single 
dose and in the chronic experiments a total dose of 200 
mg. per day was given, 50 mg. every six hours. 

Blood was drawn at appropriate intervals into hepari- 
nized syringes, and placed in tubes containing potassium 
fluoride. Protein-free filtrates were prepared within a 
few minutes, using a copper-tungstate filtrate. Blood for 
glucose was analyzed by the Somogyi method (15). In 
the statistical analyses, comparisons were made between 
increments and decrements in blood sugar levels from 
zero time as well as between the absolute values for the 
points on the curves. A probability of <.05 was con- 
sidered probably significant, one of < .02 or less definitely 
significant. 


RESULTS 
Control studies 

To assess the effects of acute administration of 
cortisone acetate by mouth, three groups of ten 
normal subjects served as controls. One group 
received no hormone and the other two received 
by mouth 200 and 400 mg. of cortisone acetate, re- 
spectively, four hours prior to withdrawal of the 
initial blood samples. Blood was collected for glu- 
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cose determination at 0, 30, 60, 120, and 180 min- 
utes. Figure 1 illustrates that ingestion of corti- 
sone was followed by a significant (p< .01) and 
sustained increase in the fasting blood sugar dur- 
ing the period of four to seven hours after hormone 
treatment. The blood sugar levels of the untreated 
subjects showed a small, but statistically invalid, 
fall during the three hours observation, while those 
of the cortisone treated subjects exhibited a simi- 
larly insignificant tendency to rise. There was no 
significant difference between the response to 200 
and to 400 mg. of cortisone. 

When compared with the mean of the two pre- 
treatment days, the fasting blood sugar levels of 
seven normal subjects receiving 50 mg. of corti- 
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sone acetate every six hours for eight days were 
significantly elevated as measured on the third and 
sixth day of treatment but had fallen to normal 
again the eighth day. The mean values and stand- 
ard errors were as follows: Day — 2, pretreatment, 
88 + 2.5; day 0, 84+ 4.3 (mean pretreatment 
86 + 1.6); day 3 of treatment, 96 + 4.1; day 6 
of treatment, 99 + 3.2; day 8 of treatment, 89 + 
3.9; day 1 after treatment, 83 + 2.1; day 4 after 
treatment, 83 + 2.2. 


Glucose tolerance tests 


Glucose tolerance tests were performed on 
two groups of ten subjects each, one untreated 
and the other pretreated with 200 mgm. of corti- 
sone acetate orally four hours prior to the test. 
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Note that the 0 and 180 minute blood sugar levels are 
normal in the ill subjects but elevated in the cortisone 
treated normal individuals compared with the untreated 
controls. 


The results exhibited in Figure 2 demonstrate 
clearly that blood sugar levels are significantly 
higher at all points in the tolerance curve of the 
treated subjects with the exception of the thirty 
minute point. 

When glucose tolerance tests on thirteen ill pa- 
tients were compared with those on ten untreated 
normal subjects and ten cortisone treated normal 
subjects (Figure 3), a clear difference between 
the effects of cortisone and illness is apparent. 
Ill subjects showed a definite impairment of glu- 
cose tolerance at the 60 and 120 minute points but 
not at 0, 30, and 180 minutes. This contrasts with 
the effect of cortisone on the healthy subjects 
where, as indicated in Figure 2, significant differ- 
ences from normal are detectable at all times ex- 
cept 30 minutes after glucose. 

When cortisone is administered to ill subjects, 
the impairment of glucose tolerance is strikingly 
greater than that resulting from illness alone (Fig- 
ure 4) or from the administration of cortisone to 
healthy subjects (Figure 2). In this experiment, 
thirteen ill subjects had glucose tolerance tests per- 
formed before and eight of the same group after 
a single dose of cortisone by mouth. The data of 
Figures 3 and 4 demonstrate a clear difference be- 
tween the response of normal and ill subjects to 
cortisone. Not only is the tolerance curve of the 
ill group receiving cortisone significantly higher 
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TOLERANCE IN ILL SUBJECTS 





8 


@ 
°o 
— ———___ —_______ __._| 





N 
° 


BLOOD GLUCOSE - mgm /100 mi 
a 
° 


8 
fermen 





Ss. <1 
—~ ILL treated with cortisone (8) 9 “SJ 
: 


a 
°o 


180 


Fic. 4. Marken IMPAIRMENT oF GLUCOSE TOLERANCE 
in Itt Suspyects PreTREATED WITH CorTISONE Four 
Hours BEFORE THE TEST 


Compare with Figures 2 and 3. 


throughout than that of the ill group not receiv- 
ing cortisone, but it is also significantly higher at 
all but the first and last points than that of the 
healthy subjects receiving cortisone. 

Although the patients were offered a diet ade- 
quate in calories and carbohydrate, there was no 
assurance or check that they consumed their en- 
tire ration. Since it is well known that impair- 
ment of carbohydrate tolerance occurs during 
carbohydrate restriction in the diet (16, 17), a 
control study was done to eliminate the possibility 
that dietary deficiency might account for the dif- 
ferent response to cortisone noted above. Ac- 
cordingly, seven normal students were given trays 
on the ward containing one half portions of the 
regular ward diet, 1.e., 1,400 calories and 150 grams 
of carbohydrate per day. It was felt that this 
would correspond reasonably well with the diets 
consumed by the ill patients with poor appetites. 
At the end of seven days, a glucose tolerance test 
was performed on each subject, preceded by 50 
grams of glucose the night before, as in the previ- 
ous tests. Three subjects were pretreated with 
cortisone (200 mg., four hours before the toler- 
ance test) and four were not. The diets were con- 
tinued and at the end of the second week the toler- 
ance tests were repeated, four subjects receiving 
cortisone and three not. The tolerance curves ob- 
tained were then compared with those obtained 
from normal subjects eating ad libitum (Figure 
5). Restriction in diet alone caused slight impair- 


ment in glucose tolerance, apparent at 30 minutes 
(p< .05). Impairment of carbohydrate toler- 
ance after cortisone pretreatment was approxi- 
mately equivalent in the group with regulated diet 
as compared with the group whose diet was not 
rigidly controlled. The curve of the diet-restricted 
group was not at all comparable to the curve found 
in the ill patients receiving cortisone (Figure 4). 
These results make it seem unlikely that the previ- 
ous findings are explicable on the basis of dietary 
variations alone. 


Glucose-insulin tolerance tests 


In order to explore further the relationship be- 
tween the effects of cortisone and illness on carbo- 
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Fic. 5. Errects or Dietary RESTRICTION ON CARBO- 
HYDRATE TOLERANCE WITH AND WITHOUT CorTISONE PRE- 
TREATMENT IN NoRMAL SUBJECTS 


hydrate tolerance, studies comparable with those 
just described were done with the glucose-insulin 
tolerance test. This test was done in order to de- 
termine whether insulin would modify the altered 
response to glucose noted after cortisone pre- 
treatment or illness. 

As is apparent in Figure 6, curves A, B, and C, 
four hours pretreatment of normal subjects with 
either 200 or 400 mg. of cortisone acetate by mouth 
did not prevent the normal fall in blood sugar fol- 
lowing simultaneous administration of insulin and 
glucose. As in previous experiments, fasting blood 
sugar levels were significantly higher after corti- 
sone (p < .01) and reached higher levels at two 
and three hours but the latter were not significant 
statistically. On the other hand, when the nor- 
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mal subjects were treated with 200 mg. of corti- 
sone daily for six days prior to testing, no fall in 
blood sugar occurred after insulin and glucose, and 
except for the 3 hour point, all points on the cor- 
tisone curve were significantly higher than those 
of the untreated controls. 

When this same test was performed in ill sub- 
jects, with and without cortisone pretreatment 
(Figure 7), the response was strikingly different 
from that obtained in normal subjects, untreated 
or treated acutely or chronically with cortisone. 
No hypoglycemia developed in either of the ill 
groups, and significantly higher levels were 
achieved at 1, 2, and 3 hours than in healthy sub- 
jects untreated or receiving a single dose of corti- 
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sone. At two and three hours, blood sugar levels 
in the two ill groups were significantly higher 
than normals on the sixth day of cortisone treat- 
ment. Although the cortisone treated ill group 
had blood sugar levels at all but thirty minutes 
higher than the untreated ill subjects, only the dif- 
ference at fasting met the test of statistical signifi- 
cance. Samples drawn at 1, 2, and 3 hours 
showed a greater variation and, hence, larger 
standard error than in the previously described 
glucose tolerance tests. It is possible that if a 
larger group of subjects had been tested, the same 
differences between the two ill groups might have 
been significantly different, as was the case with 
the glucose tolerance tests. 
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Fic. 7. COMPARISON OF RESPONSE IN NORMAL AND 
Itt Suspyects To GLUCOSE AND INSULIN WITH AND WITH- 
out ACUTE oR CHRONIC CoRTISONE PRETREATMENT 


Insulin tolerance tests 


In the past, much emphasis has been placed on 
the possibility that the impairment of carbohydrate 
tolerance, which has been reported during stress 
and in animals which have been treated with 
adrenal steroids, is due to a peripheral blocking of 
insulin action by adrenal steroids. 
is supported by the experiments of Ingle in which 
it was found that force-fed rats which were made 
diabetic by the administration of very large doses 
of adrenal steroids were particularly resistant to 
insulin, requiring very large doses of this hormone 
to overcome glycosuria (18). The altered glu- 
cose and insulin tolerance of patients with Cush- 
ing’s syndrome has also been interpreted in this 
fashion (14). Additional evidence that stressed 
individuals may exhibit insulin resistance 
cently presented by Olsen and Nuetzel who re- 
ported that there was a good negative correlation 
between the severity of illness and the fall in blood 
sugar after insulin exhibited by patients during 
insulin tolerance tests (19). In the experiments 
described in the previous section, the possibility 
of relative insulin resistance 
ill patients and in normal subjects who were 
treated chronically with cortisone. In all these 
groups, no fall in blood sugar was noted after the 
administration of insulin and glucose in contrast 
to the control normal group and the normals re- 
ceiving cortisone acutely. In these latter groups, 
there was a prompt fall in the blood sugar. The 
following experiments were performed in order 
to make quantitative measurements of the inhibi- 
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There were ten subjects each in the Y% unit group and 
six controls and four treated subjects in the %o unit 
group. 


tory effects of cortisone on the response to insulin 
of normal and ill individuals. 

For this purpose, tolerance tests were performed 
with four dose levels of insulin: %o, %o, Yo, and 
9 unit per kilogram intravenously. Figure 8 il- 
lustrates the responses of normal subjects to two 
dose levels of insulin, %9 and %p» of a unit per 
kilogram. In neither case, did pretreatment with 
cortisone modify the magnitude of the fall in blood 
However, with the smallest dose of 
insulin all blood sugar levels were significantly 


sugar level. 


higher in the cortisone treated group. This might 


be interpreted as evidence for some degree of 


insulin resistance following cortisone. 

The relative ineffectiveness of cortisone in pre- 
venting the fall in blood sugar after insulin, even 
when the latter substance was administered in 
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relatively small quantities, was surprising, espe- 
cially in view of the earlier acute experiments 
which showed that cortisone was capable of alter- 
ing the response to glucose. To assess the pos- 
sibility that chronic cortisone treatment might in- 
terfere more definitely with the response to in- 
sulin in normal subjects, a group of seven sub- 
jects was treated with 50 mg. of cortisone every 
six hours around the clock for seven days. Figure 
9 illustrates the results. Insulin tolerance tests, 
using 4% of a unit per kilogram intravenously, 
were done the day before treatment was initiated, 
on the second and seventh day of treatment and 24 
hours after cortisone was discontinued. Although 
cortisone treatment was associated with a marked 
alteration of the response to simultaneously ad- 
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ministered glucose and insulin (Figures 6 and 7) 
in the same subjects on the sixth day of treatment, 
the response to insulin alone was very little modi- 
fied by cortisone treatment. The absolute fall in 
blood sugar was greater in the cortisone treated 
subjects and the level to which the blood sugar 
fell was the same as in the untreated group. In 
the tolerance tests done 24 hours after cortisone 
had been discontinued, during a period when one 
might expect relative adrenal insufficiency, the 
total fall in blood sugar after insulin was not sig- 
nificantly altered. However, the fasting level was 
lower and consequently the level reached after in- 
sulin was significantly lower than in the control or 
cortisone treated groups, a response which may be 
interpreted as indicating an increased sensitivity 
to insulin. 
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MINUTES 


To determine if illness would alter the response 


to small doses of insulin, as has been reported (19), 
a group of ten patients with organic illness was 
tested. The dose of insulin used was 4%» unit per 
kilogram. The results are demonstrated in Fig- 
ure 10, where the effect of illness on insulin toler- 
ance is compared with the response of seven nor- 
mal subjects. As can be seen, the response to 
insulin was the same in the ill group as in the un- 
treated normal subjects. Illness, thus, was not 
associated with any alteration in the response to 
insulin under the conditions of this experiment. 

It was only when cortisone treatment was super- 
imposed on illness that any really appreciable in- 
sulin insensitivity was demonstrable (Figure 11). 
Insulin tolerance tests were performed on seven 
ill subjects, using in this instance Y% unit per 
kilogram of insulin. This same group of seven 
patients was pretreated with 200 mg. of cortisone 
and the insulin tolerance test repeated in the same 
fashion a few days later. Hypoglycemia developed 
each time, but the fall noted in the subjects after 
cortisone was significantly less than that noted 
when cortisone had not been given. Thus, for 
the first time in this series of insulin tolerance 
tests, an impressive degree of insulin intolerance 
was noted. This result was particularly striking 
since it occurred in response to a comparatively 
large dose of insulin. 


METABOLISM 
DISCUSSION 


The salient features of this investigation which 
require comment are as follows: (1) Treatment 
with cortisone acetate by mouth is followed by an 
elevation of the fasting blood sugar within four 
hours which is equally significant in healthy and 
ill subjects. In normal subjects this is sustained 
for at least three hours and is not modified by 
2) Chronic ad- 
ministration of cortisone is associated with a simi- 


doubling the dose of cortisone. 


lar elevation of the fasting blood sugar in normal 
subjects, but this effect seems to wear off after 
about seven days. (3) In normal persons, glu- 
cose tolerance is impaired by acute cortisone treat- 
ment, but insulin tolerance is not notably modified 
by cortisone treatment when tested with doses of 


insulin ranging from } 


4y to Yo unit per kilogram 
body weight intravenously, even when cortisone 
treatment is continued for eight days. When glu- 
cose is given simultaneously with insulin to healthy 
individuals, no abnormality in carbohydrate toler- 
ance is discernible after a single dose of cortisone, 
but a definite abnormality is apparent after six 
(4) The glucose and 
glucose-insulin tolerance tests yield significantly 
different results in ill subjects compared with 


days of cortisone treatment. 


healthy subjects, regardless of whether the normal 
subjects had been untreated or treated acutely or 
chronically with cortisone. The response to in- 
sulin in the ill subjects in this study, however, was 
not notably different from that of normal persons. 
(5) Pretreatment of ill subjects with a single dose 
of cortisone resulted in a markedly lesser blood 
sugar fall in the insulin tolerance test than it did 
in the healthy subjects. Thus, only in the corti- 
sone treated ill subjects was any notable degree of 
insulin resistance noted. 

The finding, that following a single oral dose of 
cortisone acetate there is an elevated fasting blood 
sugar and an impairment of glucose tolerance in 
healthy and ill subjects, is in keeping with well 
documented observations on the effects of ACTH 
and cortisone on carbohydrate metabolism in many 
subjects (20, 21, 22, 23). By itself, it contributes 
nothing to the understanding of the mechanism by 
which this response is brought about, 1.e., whether 
by an actual impairment of glucose utilization as 
in pancreatic diabetes, or by an overproduction of 
carbohydrate from protein or possibly fat (24) ; 
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or finally, whether the higher blood sugar levels 
simply reflect higher liver glycogen levels such 
as are known to develop in adrenal hormone 
treated animals (25). Forsham and Thorn (26) 
have favored the latter interpretation since they 
find serum phosphate levels to decrease to a nor- 
mal degree in ACTH or cortisone treated subjects 
during the glucose tolerance test. The failure of 
the fasting sugar levels to remain elevated after 
seven days of cortisone ingestion is of note. It 
probably represents an adaptation to the meta- 
bolic effect of cortisone, perhaps through the 
mediation of other hormones, such as insulin. 
The abnormality in glucose tolerance in ill sub- 
jects likewise is indicative of an alteration in car- 
bohydrate metabolism well-known to occur in re- 
sponse to stressful stimuli (9, 27, 28, 29). Hayes 
and Brandt (27) have shown that despite the im- 
paired glucose tolerance curves seen in postopera- 
tive patients, the fall in serum phosphate is normal, 
a response which is comparable to that reported by 
Forsham and Thorn in subjects receiving ACTH 
or cortisone (26). 
of the glucose tolerance curve of ill subjects dif- 
fered in one important respect from that in re- 
sponse to cortisone. In the former, the fasting 
and three hour blood sugar levels were always nor- 
mal while in the latter, they were significantly 
elevated. This difference by itself cannot be ac- 
cepted as definite evidence that the changes in 
carbohydrate tolerance after stress and cortisone 
treatment are dependent on different mechanisms, 
although it suggests that such might be the case. 
The observation that neither illness nor acute 
or chronic treatment of normal subjects with 
cortisone modified insulin tolerance to any notable 
degree was unexpected. Only with the smallest 
dose of insulin tested, t.e., %» unit per kilogram, 
was any degree of insulin resistance noted in 
healthy subjects receiving cortisone. This was 
apparent only in the fact that while the absolute 
fall in blood sugar was identical in the treated and 
untreated groups, the level to which the blood 
sugar fell in the cortisone treated group was sig- 
nificantly higher than in the untreated group. 
Since the observations of Fraser, Albright, and 
Smith (14) on glucose and insulin tolerance in 
adrenal disorders and of Ingle, Sheppard, Evans, 
and Kuizenga (18) on the production with ACTH 
or cortisone of an insulin resistant type of diabetes 
in the rat, it has been accepted without question 


In our experiments, the shape 
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that insulin insensitivity is a characteristic feature 
of the response to adrenal hormone overdosage. 
During illness, insulin resistance has also been de- 
scribed (19), but this depends to some extent on 
the severity of illness and has not been universally 
confirmed (30). 

In the present study, a notable degree of insulin 
insensitivity was elicited only under certain special 
circumstances. Firstly, it was noted when glucose 
was administered simultaneously with the insulin 
to normal controls given cortisone for six days 
(but not after a single dose of cortisone) or to 
ill subjects, with or without a previous dose of 
cortisone. These experimental conditions cor- 
respond roughly to those in the report of Fraser, 
Albright, and Smith (14) in which insulin in- 
sensitivity in Cushing’s syndrome was brought 
out by the glucose-insulin tolerance test, and to 
Ingle’s work in which the amount of insulin nec- 
essary to overcome glycosuria in force-fed rats 
was used as the criterion of insulin resistance (18). 
In neither case was insulin sensitivity tested in the 
fasted state. Similarly, in Conn’s report of dia- 
betes in normal subjects receiving ACTH, the 
interpretation of insulin insensitivity was based on 
the occurrence of glycosuria and impaired glucose 
tolerance in a single subject who received pro- 
tamine zinc insulin and ACTH daily, no test of 
insulin sensitivity being made during fasting. 

The second circumstance under which insulin 
insensitivity was elicited directly was following a 
single dose of cortisone in ill subjects. This finding 
has special significance with regard to the inter- 
relationship between stress and the adrenal cortex 
which will be discussed below. It makes the in- 
terpretation of insulin insensitivity in Cushing’s 
syndrome or in animals receiving large doses of 
cortisone more complex since both these situations 
are associated with a high incidence of infection 
and other complications which superimpose a 
stress factor on the adrenocortical hormone over- 
dosage effect. The results of the present experi- 
ments suggest that the mildest degrees of insulin 
insensitivity may only be readily apparent in the 
presence of a glucose load, and that in this re- 
spect the glucose-insulin tolerance may be a more 
sensitive indicator of insulin sensitivity than the 
insulin tolerance test. 

Further evidence that the hypoglycemic re- 
sponse to insulin in the fasting state may not nec- 
essarily be greatly modified by ACTH or corti- 
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sone was found in studies on two patients with 
panhypopituitarism. In these patients, continuous 
intravenous ACTH or intramuscular cortisone 
therapy had comparatively little effect on the blood 
sugar fall after insulin, but caused a marked im- 
provement in blood sugar rise after oral glucose 
at 30 minutes in the insulin-glucose tolerance test 
(31, 32). 

Taken as a whole, these observations in man 
may be considered as complementary to those 
previously described in animals which indicated 
an interdependent relationship in metabolism be- 
tween stress or injury and adrenal hormone se- 
cretion. In the animal experiments of Ingle (4, 5, 
6, 7, 8) and Engel (11, 12, 13), the adrenal fac- 
tor was made a constant and the stress a variable. 
It was found that a constant dose of adrenal hor- 
mone enabled the adrenalectomized animals to 
exhibit the characteristic metabolic response to 
stress, although there was evidence that an in- 
creased amount of hormone might be necessary to 
sustain it. The present experiments were de- 
signed so that the stress (illness) and the level 
of adrenocortical hormone were varied independ- 
ently. The data show that in the presence of the 
stress of illness the organism responds to an in- 
crease in circulating adrenal hormone by an im- 
pairment in carbohydrate and insulin tolerance 
which is out of proportion to that seen in ill sub- 
jects not treated with cortisone as well as to that 
exhibited by the normal, cortisone treated subject. 

One cannot rule out with absolute certainty the 
possibility that the difference in response of the 
healthy and ill subjects is due to the fact that the 
latter are reflecting the additive effects of the in- 
gested cortisone and a high level of endogenous 
adrenocortical hormone. Against this interpre- 
tation, however, are the facts that neither doubling 
the dose of cortisone nor chronic administration 
of comparatively large doses of cortisone for eight 
days reproduced the pattern of carbohydrate and 
insulin intolerance of illness, with or without cor- 
tisone treatment. As shown in the experiment 
with dietary restriction in normal subjects, inade- 
quate food intake likewise cannot account for ob- 
served differences in response to cortisone. 

There are, at the moment, relatively few data 
in the literature concerning man which give direct 
support to the concept derived from these studies 
as well as previous observations in the rat (12) 
that adrenal hormone overdosage may both “sen- 
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sitize’” the organism to respond metabolically to 
stressful stimuli as well as magnify the metabolic 
stress response. This is largely because few at- 
tempts have been made to isolate the variables in- 
volved in the metabolic response to stress. How- 
ever, certain observations may be considered to 
be cogent. Thus, for example, among those who 
have had extensive experience with the therapeu- 
tic use of ACTH and cortisone, it is well recog- 
nized that the incidence of “hormone overdosage” 
effects is much greater when these substances are 
administered to patients who are quite ill than 
when they are given to subjects who have minor or 
localized disease, such as that involving the eye 
alone (33). 

During the course of balance studies on pa- 
tients with lymphomata receiving hydrocortisone 
or ACTH, Pearson and Eliel (34) observed a pa- 
tient who developed an intercurrent infection. 
Prior to this complication, the balance of nitrogen, 
phosphate, potassium, sodium and chloride had 
become relatively stable while receiving hydro- 
cortisone. Immediately on developing the infec- 
tion, with the dose of hormone kept constant, 
there occurred a prompt and striking loss of ni- 
trogen, phosphorus and potassium and a reten- 
tion of sodium and chloride, with no significant in- 
crease in steroid excretion in the urine (35). Al- 
though such data must be interpreted with cau- 
tion, they are consistent with the concept that in 
the presence of an adequate and presumably con- 
stant amount of adrenal hormone the full range 
of metabolic and hematologic response to stress 
may be exhibited. 

A number of reports exist which also suggest 
a greater disturbance in carbohydrate metabolism 
after ACTH or cortisone under conditions of 
“stress” as compared with normals, notably in 
schizophrenia (36), liver disease (37) and preg- 
nancy (38), although in none of these reports are 
there really adequate control studies. Appel and 
associates (39) described impaired insulin toler- 
after four hours of 
ACTH in patients who previously had normal 
insulin and glucose tolerance tests. Presumably, 
these were ill subjects. In our own experience, a 
single dose of ACTH, intramuscularly, four hours 
before tolerance tests, had approximately the same 
effect on carbohydrate tolerance in a limited num- 
ber of ill subjects as did cortisone. 

The results of this investigation, as well as the 


ance intravenous infusion 
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experimental work of Ingle and others, are diffi- 
cult to reconcile with the concept that the meta- 
bolic abnormalities during stress and illness are 
direct consequences of hypersecretion of adrenal 
hormone. Rather, it would appear that the ad- 
renal cortex facilitates, in some way, certain meta- 
bolic reactions which are peculiar to the tissue 
response to injury itself. The mechanism by which 
the metabolic response to injury is initiated and 
sustained and the precise role of the adrenal and 
other hormones in it, however, still remain to be 
elucidated. 


SUMMARY 


1. A series of 280 glucose, insulin and glucose- 
insulin tolerance tests were performed on 150 nor- 
mal subjects and 53 ill patients in order to com- 
pare the effects of cortisone on carbohydrate 
metabolism in the presence and absence of the 
stress of illness. 

2. In normal subjects, a single oral dose of 200 
or 400 mg. of cortisone acetate was followed by a 
significant elevation of the blood sugar four hours 
later and impairment of the glucose tolerance test. 
No significant changes following the same treat- 
ment could be detected in the glucose-insulin or 
insulin tolerance tests with doses of insulin, rang- 
ing from Yo to %» of a unit per kilogram intra- 
venously. With » of a unit of insulin per kilo- 
gram, the total fall in blood sugar was not modi- 
fied by cortisone treatment, but the level to which 
it fell was slightly higher than in the untreated 
group, indicating slight insulin insensitivity. 

3. Chronic treatment of normal subjects with 
200 mg. of cortisone daily for eight days did not 
modify the response to 4%» of a unit of insulin per 
kilogram intravenously, but did abolish the blood 
sugar fall previously seen when glucose was ad- 
ministered simultaneously with 4» unit of insulin 
per kilogram intravenously. 

4. Ill subjects exhibited impaired glucose and 
glucose-insulin tolerance tests, but normal insulin 
tolerance at all dose levels of insulin tested. The 


shapes of the curves of the impaired glucose and 


glucose-insulin tolerance tests in the ill subjects 
were significantly different from those of the nor- 
mal individuals receiving cortisone. 

5. Ill subjects pretreated for four hours with 
200 mg. of cortisone-acetate showed significantly 
greater impairment of glucose tolerance and 
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greater resistance to insulin than did normal sub- 
jects acutely or chronically treated with cortisone. 
Cortisone treated patients exhibited only slightly 
greater insulin resistance in the glucose-insulin 
tolerance test than did untreated patients, but 
markedly greater resistance than did normal sub- 
jects receiving cortisone acutely or chronically. 

6. These observations are considered to be com- 
patible with the concept that there is an interaction 
between stress and adrenal hormone in modifying 
carbohydrate metabolism, They are not reconcil- 
able with the view that the metabolic alterations 
during stress are direct consequences of adrenal 
cortical hypersecretion. 
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SMALL-GROUP STUDY 
IN A NORMALLY LIT ROOM 
The image is cast upon a screen in the 
dark-chamber turret at table height. Each 
observer (up to 10) has a separate light- 
excluding viewing hood. The pathologist 
here is discussing a slide with the surgeon; 


the unused hoods are easily shuttered off. 




















LARGE-GROUP EXHIBITION 
IN THE DARKENED AUDITORIUM 


So intense is the Scopicon light source that 
images up to ten feet across can be pro- 
jected. Through a system of auxiliary lenses 
the operator can follow a biological speci- 
men through a progressive series of ever- 
closer localizations, up to ultimate demon- 
stration under oil-immersed objectives. 


2-10-1000 


Quickly adaptable to viewing on any scale, the mobile 
Scopicon couples convenience with efficiency. Its high- 
pressure mercury arc is the brightest light source ever 
employed for microprojection. The focal spot is only 
Imm square (approx.). Its pinpoint character permits 
flickerless projection of sharply detailed images up to 
ten feet across even under oil-immersed microscope 
objectives. Let us send you the brochure describing this 
remorkable instrument. 


micro-projection §¥ equipment 
SCOPICON, Inc. 215 E. 149 ST. NEW YORK 51 
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to control fulminating sepsis 


Intravenous Terramycin therapy 
in over 160 cases of surgical 
sepsis following operations of the 


thorax, abdomen or limbs gave 





“none but the most favorable 
results. The well-known side- 
effects in connection with orally 
administered antibiotics .. 
were never found to occur. nor 
did we at any time observe 

any other toxie reactions.” 


Deucher, Fo: Sehweiz. med. 
Wehnschr. 82:1 (Jan. 5) 1952. 


broad-spectrum 


Terramycin Intravenous 


BRAND OF OXYTHTRACYCLINE HYOROCHLORIDE 


well-tolerated 





in infants and children 


“Our experience with Terramycin 
by the intravenous route has 
been good. It has been effectively 


Vials of 250 mg. and 500 mg. used without difficulty by con- 
tinuous drip infusion for several 





? 


days in the smallest infant...’ 


Farley, W. J., Konieezny, L.: 
J. Pediat. 42:177 (Feb.) 1953. 





as well as 
adult patients 


Intravenous Terramycin, followed 
by oral therapy after 3-5 days, 
“is a singly effective, superior 
antibiotic in the treatment of 
peritonitis and...a good result 
can frequently be obtained 
with this drug when [other 
PFIZER LABORATORIES antibiotics] have failed. It thus 
Division, Chas. Pfizer & Co., Inc. has great usefulness both as a 
Brooklyn 6, N. Y. primary therapeutic agent and as 
an alternate antibiotic.” 


Reiss, E., et al.: A. M. A. Arch. 
Surg. 64:5 (Jan.) 1952. 








